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Abstract 
The Meso-Hellenic Trough (MHT) is an elongate NW-SE trending intermontane basin that 
developed during the Mid-Tertiary within the Hellenide fold-and-thrust belt. It formed in the 
late Eocene behind the deformation-front as the locus of thrusting migrated towards the 
foreland in the south-west. This followed collision between the Apulian and Pelagonian 
micro-plates and final closure of the Pindos Ocean basin (a strand of the Neotethys). The 
MHT basin-fill is of M. Eocene-M. Miocene age, was predominantly marine in nature and can 
be sub-divided into the Basin-margin and Meso-Hellenic Groups, which are separated by a 
basin-wide angular unconformity. The Basin-margin Group (Middle-Upper Eocene) is only 
preserved in small outcrops around the basin margin and the Meso-Hellenic Group 
(Oligocene-Middle Miocene) forms the majority of the basin-fill. 
The Basin-margin Group was deposited on the sub-Pelagonian thrust-sheets and is of 
identical age to the youngest Pindos foreland basin sediments exposed beneath the same 
thrust-sheets. However, large-scale folds which deform the basal thrust demonstrably do not 
deform the overlying Meso-Hellenic Group. The Basin-margin Group can therefore be shown 
to have been deposited on the thrust sheets as they overthrust the Pindos foreland basin. 
Coarse ophiolitic breccia up to 600 m thick characterises the south-western margin of the 
Krania sub-basin (a depocentre of the Basin-margin Group) and is interpreted as having been 
deposited at the base of an active (?reverse) fault-scarp. In addition, there is evidence that 
strike-slip faults were active along the northern and southern margins of the sub-basin. 
Although these structures may have controlled subsidence locally, the overall setting of the 
Basin-margin Group is interpreted as that of a piggy-back basin, formed above the south-
westward propagating thrust stack. The palaeobathymetry of the basin increased during the 
late Eocene, as marked by the change from shallow-marine limestone, fan delta and lagoonal 
facies to deeper-water turbidite facies. During this period, sedimentation was locally 
tectonically controlled, for example where basement uplift along reverse faults to the north of 
the Krania sub-basin shed limestone-dominated mass-flow deposits southwards in 
Priabonian times. Further compressional folding and high-angle faulting, interpreted to have 
resulted from overthrusting of the Olympos seamountl micro-plate, deformed the Basin-
margin Group at the end of the Eocene and eventually led to its sub-aerial erosion. 
Renewed subsidence during the Oligocene was characterised by the development of a 
basin configuration in which both palaeobathymetry and sediment thickness increased 
towards the basin centre from its ends. This resulted in a "canoe-shaped' morphology to the 
basin during the deposition of the Heptahorion and Pentalofon Formations. Facies 
relationships, palaeocurrent indicators, clast provenance and palaeobathymètric 
considerations demonstrate that sediment was predominantly derived from the Pelagonian 
zone in Albania and transported axially towards the basin centre to the south-east. In the 
early Miocene, the south-western margin of the basin was uplifted. This resulted in both the 
north-eastward verging monocline observed in the central segment of the MHT and 
depocentre migration towards the north-east, such that the overlying Tsotillion Formation 
(Lower-Middle Miocene) onlapped the Pelagonian zone. The subsequent uplift of the 
Pelagonian zone at the south-eastern end of the basin, also in the Lower Miocene, resulted 
in the deposition of coarse fluvial and deltaic conglomerates of the Itea and Vlahava Members 
and the development of local angular unconformities. The uplift is interpreted to be the result 
of the extension-related uplift of Mt. Olympos along the eastern margin of the Pelagonian 
zone during the Aquitanian-Langhian (16-23 Ma). This was a period when extension was 
widespread throughout northern Greece and was possibly linked to the collapse of the 
Hellenide thrust-stack. In the MHT, syn-sedimentary extension was observed in the 
Nestorion Formation (Lower-Middle Miocene) and meso-scale NW-SE trending extensional 
faults occur throughout much of the basin. Integration of field data from the MHT with 
regional considerations therefore suggests that overall basin development was consistent 
with that of a piggy-back basin whose morphology was primarily the result of deep-seated 
thrusting, but which subsequently experienced modification due to extension during the 
early-middle Miocene. 
In the late Miocene, the MHT and Pindos Mountains were uplifted by up to 1400 m and 
deformed by compressional folding and faulting. This included the formation of a partially 
blind, high-angle reverse fault interpreted as bounding the south-western margin of the MHT 
in Greece and occurred prior to the deposition of the unconformably overlying Pliocene units 
of the Grevena Formation. Most recently, localised back-arc extensional deformation is 
interpreted as having resulted in Pleistocene-Recent movement on the Korce normal fault 
and resultant uplift of Morave (1800 m) in its footwall in southern Albania. 
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Chapter 1: Introduction 
1.1 	 The location and geography of the Meso-Hellenic Trough 
The Meso-Hellenic Trough (MHT), is a NW-SE trending sedimentary basin which occupies an 
area of around 4500 square kilometres in northern Greece and Albania, between the 
provinces of Epiros to the west, Macedonia to the east and Thessalie at its south-eastern 
end (Fig. 1.1). Its geographic position has also led the basin to become known as the 
Albano-Thessalien Trough. It is an elongate basin trending parallel to the main tectonic grain 
in the region and forms a distinct topographic furrow between two mountain chains; the 
Pindos Mountains along its south-west margin and the Askion Mountains along its north-
eastern margin (Fig. 1.1). 
The Pindos Mountains form the most significant mountain chain in Greece, reaching an 
altitude of 2636 m (Mt. Smolika). West of the central part of the MHT, ophiolitic lithologies 
form resistant ridges and elongate windows exposing softer flysch form lower-lying valleys. 
The Askion Mountains form less angular peaks than the Pindos Mountains and consist of 
metamorphic, igneous and limestone lithologies. They reach a maximum altitude of 2111 m, 
passing southwards to Mt. Vourinos (1866 m) which consists of ophiolite. North of the 
Askion Mountains (on either side of the Greek-Albanian border), the Kastoria, Prespa and 
Ohri lakes lie along the north-eastern margin of the basin (Fig. 1.1). 
Although it forms a distinct furrow, the Meso-Hellenic Basin has a highly varied topography. 
At its south-eastern end, where it meets the Thessalie plains at an altitude of around 300 m, it 
is relatively flat-lying and dominated by the impressive 200 m high conglomeratic cliffs on top 
of which the Meteora monasteries are built. The flat-lying topography is maintained as far 
north as the town of Grevena (Fig. 1.1). Further north (as far as the Albanian border), the 
Volon Mountains, consisting of a variety of clastic lithologies, form the spine of the basin and 
reach a maximum altitude of 1802 m. However, the plateau-topped mountain of Mt. Ondria 
(1300 m) and Mt Alevitsa (1585 m) are capped by a thin, resistant layer of algal limestone. 
South of the Albanian city of Korce, the mountainous ridge known as Morave formed due to 
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1 .2 	 The regional geology of northern Greece and Albania 
1.2.1 	The Hellenides and the isopic zones of Greece and Albania 
The Hellenides are a zone of continental collision that resulted from the closure of the 
Tethyan Ocean (Neumayr, 1880). They form part of the Alpine mountain chain (Fig. 1.2) and 
pass northwards into the Dinarides of the former Yugoslavia. The boundary between the two 
is normally taken to be the Scutari-Pec lineament in Albania. In Greece, the Hellenides 
stretch between the western limit of Tertiary thrusting on the islands of Zakinthos and 
Kephalonia (Underhill, 1989) and the Rhodope zone to the east, beyond which is the Balkan 
chain. 
The Tethyan Ocean formed a wedge-shaped embayment in the Pangea supercontinent 
since the Upper Palaeozoic, and is divided into two temporal oceanic realms. The first 
(Palaeotethys) existed primarily in the Palaeozoic and the second (Neotethys) developed in 
the Mesozoic to early Tertiary (Robertson and Dixon, 1984; Dercourt et al., 1986; Robertson 
et aL, 1991). Palaeogeographic and plate tectonic reconstructions of Greece during this time 
are highly contentious and discussed in the next section. 
Greece and Albania have been subdivided into a number of tectono-stratigraphic units that 
have been termed isopic zones (e.g. Renz, 1955; Aubouin, 1959; Fig. 1.2). In northern 
Greece and Albania, they trend NW! SE, to broadly parallel the Hellenic subduction zone and 
may correlated with similar zones in western Turkey (e.g. the Lycian nappes; Aubouin et al., 
1970). The term isopic literally means "similar looking" and each isopic zone contains a 
distinctive stratigraphic succession that is typically separated from the surrounding zones by 
a regional structural lineament (B.P., 1971). As such they can be considered similar to 
terranes, as described by Howell (1989). They were originally divided into the internal (north-
easterly) and external (south-westerly) Hellenides by Brunn (1956), with the boundary lying 
along the western margin of the Pelagonian zone (Fig. 1.2). The internal Hellenides are 
characterised by both an Eohellenic (U. Jurassic-L. Cretaceous) and a Neohellenic (Eocene) 
orogenic phase (e.g. Vergely, 1984) whereas the external Hellenides only experienced the 
latter (Brunn, op. cit.). The isopic zones are briefly described below, where their Greek 
names are used. 
The Pre-Apulian zone is the most westerly isopic zone, exposed in the Ionian islands, and 
consists of Jurassic to Eocene carbonates and evaporites overlain by Oligo-Miocene marls 
and limestones (BP, 1971). It is also the most westerly area in which Tertiary thrusting 
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has been described (Underhill, 1989). The Ionian zone lies to the east and consists of a thick 
Triassic-Oligocene evaporite/ carbonate sequence which is conformably overlain by Oligo-
Miocene flysch deposited in the Ionian foreland basin (IGRS-IFP, 1966; Fleury, 1980; Clews, 
1989). In central and southern Greece, the Gavrovo-Tripo!itza zone mainly consists of 
carbonate platform facies that have been either partially or fully overthrust by the Pindos 
zone (e.g. Robertson etal., 1991; Degnan, 1992). All three zones form part of the Apulian 
micro-continent which rifted off the African plate and finally collided with the Pelagonian 
micro-plate in the Tertiary. 
The Pindos zone (classically called the Pindos-Olonos zone) consists of a series of 
allochthonous deep-water sediments of Triassic to U. Eocene age that have been overthrust 
by ophiolites of the Sub-Pelagonian zone in northern Greece. They were deposited in a 
Neotethyan basin to the north-east of Apulia which was probably floored by oceanic crust 
(Degnan, 1992) and were thrust south-westward over the Gavrovo-Tripolitza and Ionian 
zones. The Sub-Pelagonian zone (Aubouin, 1959) is synonymous with the Othris zone of 
Smith etal. (1975 and 1979) and the Maliac zone of Vergely (1984). In northern Greece and 
Albania, it consists of a series of ophiolite complexes and their cover, such as the Pindos 
and Vourinos ophiolites which form the basement to the MHT. The Parnassos zone consists 
predominantly of platform carbonates and has been interpreted as a relatively small 
continental block that rifted from the Apulian margin (Robertson etal., 1991; Fig. 1.3). 
The Pe!agonian zone crops out on the eastern margin of the MHT (Fig. 1.2) and consists of 
Palaeozoic and lower Mesozoic sediments deposited on Palaeozoic metamorphic and 
granite basement. These are overlain by Triassic-Jurassic carbonates (deposited during 
rifting), then overthrust in the middle to late Jurassic by obducted ophiolites (e.g. the 
Vourinos Ophiolite) probably derived from the sub-Pelagonian zone. Finally, the ophiolites 
and underlying rocks were overlain by U. Jurassic-L. Cretaceous transgressive limestones. In 
detail, the age of the rocks beneath and above the Vourinos Ophiolite constrains its 
obduction as having occurred between the Pliensbachian (early Jurassic) and Kimmeridgian 
(late Jurassic; Mavridis etal., 1979; Mavridis, 1979), but comparison with other ophiolites 
along strike (e.g. the Migdhalitsa ophiolite unit on Argolis, south of Athens; Baumgartner, 
1985) suggests that obduction probably occurred in the late Jurassic. The Pelagonian zone 
has overthrust rocks now exposed along its eastern margin in the Olympos window, but their 
origin is disputed (see below). East of the Pelagonian zone, the Vardar zone consists of 
dismembered ophiolites, arc volcanics and melange (Mercier, 1968) and is considered to 
represent the main suture within the Hellenides. Further to the north-east, the Serbo- 
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Macedonian and Rhodope zones consist of a complexly deformed basement and cover 
sequence. 
1.2.2 	Palaeogeographic and plate-tectonic reconstructions of 
Neotethys 
Greece is divided into a series of Neotethyan continental fragments that were separated by 
small ocean basins and is interpreted as having rifted from the northern margin of Gondwana 
during continental break-up in the Triassic (e.g. Robertson et al., 1991). However, 
palaeogeographic and plate-tectonic reconstructions of these fragments and oceans remain 
contentious (e.g. Robertson et al., op. cit.; c.f. Dercourt et al., 1986 and Vergely, 1984; Fig. 
1.3). Many of the reconstructions primarily concern the origin of the various ophiolitic thrust-
sheets within the Hellenides and the question of the number of oceanic Neotethyan strands 
that are represented in Greece and Albania. 
Early work suggested that the Vardar zone represented the main suture in northern Greece 
and a number of authors have interpreted the Pindos, Vourinos and Othris Ophiolites as 
having all had an internal origin and been thrust westward over the Pelagonian zone (e.g. 
Aubouin etal., 1970; Laubscher, 1971; Zimmerman, 1971; Schermer, 1993). However, 
Vergely (1984) considered that the Pindos and Othris Ophiolites were derived from an 
external'(Pindos) oceanic strand, whereas the Vourinos Ophiolite was derived from an 
internal (Vardar) strand. In contrast, an increasing number of authors consider all three 
ophiolites to have originated from a western, external oceanic strand (the Pindos ocean) and 
have been thrust eastward (Smith etal., 1975; Jones, 1990; Jones and Robertson, 1991; 
Robertson et al., 1991; Doutsos et al., 1993). The latter reconstruction involves oceanic 
crust on either side of the Pelagonian continental fragment and the Parnassos zone is 
envisaged as a rifted limestone platform completely surrounded by Pindos oceanic crust 
(Robertson etal., 1991). 
Further contention exists over the origin of the sequence exposed in the Olympos window, 
along the eastern edge of the Pelagonian zone. Original work by Godfriaux (1968) 
suggested that it was of external (south-westerly) origin, whereas Barton (1975) suggested 
that it was of internal origin. Most workers have since followed the original interpretation of 
Godfriaux and some plate tectonic reconstructions envisage it as having been a rifted 
limestone platform within the Pindos Ocean, similar to the interpretation of the Parnassos 
zone (Robertson et aL, 1991; Fig. 1.3). However, the most recent kinematic analysis 
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(Doutsos etal.. 1993; Fig. 1.3) again postulated an internal origin, with Olympos forming a 
micro-continent to the east of the Pelagonian micro-continent. 
1.2.3 	 Tertiary deformation in northern Greece and Albania 
1.2.3.1 	Tertiary deformation in the external Hellenides 
Although obduction of the various ophiolites in northern Greece and Albania occurred in the 
late Jurassic, final closure of the different strands of the Neotethyan ocean in Greece did not 
occur until at least the Cretaceous-Palaeocene (Smith, 1971; Bernoulli and Laubscher, 
1972; Zimmerman and Ross, 1976; Sengor and Yilmaz, 1981). More recent reconstructions 
(Jones and Robertson, 1990; Robertson etal., 1991) suggest that the Pindos Ocean may 
not have closed until the Eocene. Collision between the Apulian and Pelagonian micro-
continents at this time resulted in the formation of a south-westwards migrating foreland fold-
and-thrust belt. 
The details of thrusting in this area have been considered by numerous authors (e.g. Brunn, 
1956; Aubouin etal., 1970; Fleury, 1980; Clews, 1989; Underhill, 1989) and are only briefly 
considered here. In general, little large-scale, out-of-sequence thrusting (terminology of 
McClay, 1992) is observed in north-western Greece and new thrusts appear to have 
sequentially splayed off from the basal sole thrust, transporting older inactive thrusts 'piggy-
back' above them. The Pindos Basin (Maastrichtian-U. Eocene; Fig. 1.2) crops out along the 
western margin of the MHT, beneath the Pindos Ophiolite. It probably originally developed 
as a subduction zone trench, but following continental collision, deposition may have 
occurred within a flexural foreland basin (Lorsong, 1979). The deposition of the younger (M-
u. Eocene) sediments in the basin was synchronous with the earliest deposition in the MHT 
to the north-east. Deposition in the Pindos basin ceased as movement along the Pindos 
thrust began in the early Oligocene, resulting in development of the Ionian flexural foreland 
basin (Clews, 1989; Leigh, 1991). Deposition in this basin was also synchronous with 
deposition in the MHT. The Ionian basin was finally overthrust by the Pindos thrust sometime 
after the late Oligocene/ early Miocene when thrusting migrated towards the Pre-Apulian 
zone, where it has been active until the present day (Underhill, 1989). All the major thrusts 
dip north-eastwards, towards the hinterland, and it is thought that they are rooted beneath 
the Pelagonian zone. Evidence for this comes from the Olympos window (Schermer, 1993), 
as outlined below. 
i] 
Several phases of extension have also been described to the west of the MHT. The earliest 
brittle extension was observed by Jones and Robertson (1990) and Mountrakis et al.. (1993) 
in the Pindos Ophiolite and was associated by these authors with the development of the 
MHT during the Oligo-Miocene. The second phase of extension is Plio-Quaternary in age 
and has been described by Underhill (1989) in the Pre-Apulian and Ionian zones. It is 
associated with the dynamics of the present Hellenic subduction zone (Angelier,1977; see 
below). 
1.2.3.2 	Tertiary deformation in the internal Hellenides 
Final closure of the Vardar ocean occurred in the Danian/ Maastrichtian and resulted in the 
Neohellenic orogenic phase. However, the kinematics of thrusting to the east of the MHT is 
less well constrained than in north-western Greece. This is typified by discussions regarding 
the sense of Neohellenic thrusting in the Olympos window, and the implications for the 
internal versus external origin of the rocks exposed within it. 
Most workers have interpreted overthrusting of the Mt. Olympos sequence by the 
Pelagonian zone as having verged towards the south-west, in common with thrusting in the 
external Hellenides (Godfriaux, 1968; Schermer etal., 1990; Schermer 1993; Vergely and 
Mercier, 1990; Godfriaux and Ricou, 1991). The simplified history of the rocks outcropping in 
the window can be summarised with reference to the Flambouron and Olympos units of 
Schermer (1993). The Flambouron unit (which forms the outer part of the Olympos window/ 
dome) consists of Pelagonian gneisses, schists and metasediments and the Olympos unit 
(forming the core of the dome) consists of Triassic-M. Eocene carbonates and M.-(?)U. 
Eocene flysch. In these interpretations, the Flambouron unit was thrust over the Olympos 
unit towards the south-west during the middle to late Eocene. Of the seven independent 
deformation episodes recognised by Schermer (1993; Table 1.1), D3-7 affected both the 
Flambouron and Olympos units, which she interpreted as indicating that the Flambouron unit 
overthrust the Olympos unit during the process of continental subduction (or 'A type 
subduction' of Bally, 1975), between 53-61 and 36-42 Ma Blueschist facies metamorphism 
occurred in association with thrusts, which were later themselves folded (D4), probably due 
to the formation of a ramp anticline associated with continued thrusting beneath the Olympos 
structure. This suggests that thrusts such as the Pindos thrust which were active in the 
Hellenide foreland at this time (resulting in the deposition of the Ionian foreland basin) were 
rooted beneath the Olympos structure and active at the same time as the deposition of the 
MHT. 
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In contrast, both Barton (1975) and Doutsos et al. (1993) interpreted the opposite sense of 
thrust vergence. Barton based his interpretation on fold asymmetry around Mt. Olympos. 
However, these have since been reinterpreted by Schermer (1993) as part of the D4 
deformation episode (i.e. they formed during post-thrusting shortening rather than during 
movement along the thrust; D3). The model of Doutsos et al. (1993) involves thrusting and 
the movement along the Strymon Valley detachment fault/ intrusion of the Vrondou within a 
large fore/and-dipping duplex, with uplift of the area due to transport over a crustal-scale ramp 
that ended in the early Oligocene. In general, the proposed orientation of this duplex 
contradicts much of the previous work on Mt. Olympos (see last paragraph for references). 
Doutsos et al. (op. cit.) also interpreted other tectonic windows within the Pelagonian zone 
(e.g. the Krania window; Fig. 1.2) as being 'pop-up' structures formed by re-imbrication of the 
initial eastward directed backthrust by backthrusting. This contrasts with the interpretation of 
Sfeikos et al. (1991) that Eocene south-westward directed thrusting in the Krania window 
was followed by Oligo-Miocene extension which resulted in the uplift and exposure of the 
rocks within the window (see below). 
Post-collisional extension is increasingly recognised throughout north-eastern Greece, from 
the Pelagonian zone (Schermer et al., 1990; Schermer, 1993; Sfeikos et al., 1991; 
Godfriaux and Ricou, 1991; Vergely and Mercier, 1990; Mountrakis et al., 1993) to the 
Rhodope (Kolocotroni and Dixon, 1991; Dinter and Royden, 1993; Sokoutis et al., 1993; 
Fig. 1.4): Several examples of Tertiary extension are discussed from the literature and of 
these, three well-dated examples are tabled to compare the timing and nature of extension 
with the development of the MHT (Table 1.1). These are the deformation of the Kranea 
Window (Sfeikos etal., 1991), the deformation of the Olympos Window and the movement 
along the Strymon Valley detachment fault/ intrusion of the Vrondou granite (Dinter and 
Royden, 1993; Kolocotroni and Dixon, 1991; Fig. 1.4). 
Following Eocene thrusting (the sense of which still remains unresolved), the Olympos 
window experienced extension (Schermer et aL, 1990; Schermer, 1993; Sfeikos et aL, 
1991; Doutsos etal., 1993). Faults previously interpreted as having had a reverse sense 
(e.g. by Vergely and Mercier, 1990) have been reinterpreted as being extensional and 
Schermer (1993) interpreted the uplift of Olympos as the result of extension (cf. Vergely and 
Mercier, 1990; Doutsos et aL, 1993). The timing of uplift is supported by An Ar data which 
indicates cooling of metamorphic rocks from beneath some of the normal faults to 150°C as 
having occurred during the early to middle Miocene (16-23 Ma; Schermer. et al., 1990). 
However, it contrasts with the interpreted exposure of Olympos blueschists in the early 
Oligocene, based on blueschist mineral found at the base of the MHT (Doutsos etaL, 1993; 
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Zygojannis and Sidiropoulos, 1981). The youngest (D7) normal faults have a top-to-the-
north-east sense of shear. 
The Kranea window crops out to the west of the O!ympos window, only 12 km east of the 
MHT, and exposes a wide variety of kinematic indicators which give a top-to-the-south-west 
sense of shear on low-angle, south-west dipping mylonites (Godfriaux and Ricou, 1991; 
Sfeikos etal., 1991). Sfeikos etal. (1991) considered the top-to-the-south-west sense of 
shear to have been associated with Oligo-Miocene extension (that is synchronous with much 
of the deposition of the MHT) and to have overprinted Eocene thrust-deformation. They 
associated the opposite sense of extensional shear (observed on the north-eastern flank of 
the Olympos structure) as having only developed during the late stages of extension. 
However, Gautier (pers. comm.) considered that the shear-sense criteria, interpreted as 
indicating extension, are more likely to be the result of earlier south-westward verging 
thrusting. 
Extension has also been recognised by Mountrakis et al. (1993) from kinematic analysis of 
faults within the Pindos and Vourinos Ophiolites. Their data suggested that late Eocene 
compression (with maximum stress axes orientated ENE-WSW) resulted in the imbrication of 
the Pindos Flysch, followed by an extension (minimum stress axes orientated E-W) during 
the early Oligocene. The latter is interpreted as having resulted in major normal faults in the 
ophioliteg which coincided with the initiation of deposition in the MHT. Their model (Fig. 1.7) 
also suggested that the Pindos Ophiolite overthrust the Pindos Flysch during the early 
Oligocene, but work detailed in chapter 3 indicates that the thrust at the base of the Pindos 
Ophiolite had become inactive by this time. 
East of the Pelagonian zone, in the Rhodope massif, the timing of movement on the low-
angle Stiymon Valley detachment is constrained by sediments correlated with deposits from 
the Strymon Basin, which were forming around 15 Ma (Dinter and Royden, 1993). However, 
the intrusion in the Oligocene of the Vrondou granite (Kolocotroni and Dixon, 1990), which 
currently crops out in its footwall, may indicate that extension was occurring even earlier. Near 
the southern end of the Strymon Valley detachment (but up to 60 km further to the east, 
including the island of Thassos; Fig. 1.4), Sokoutis et aL (1993) observed abundant 
mylonites (dated as 14-18 Ma), with flat-lying, NE-SW trending stretching lineations and top-
to-the-south-west sense of shear indicators in both the country rock (marble) and syn-
tectonically intruded granitoids. They therefore interpreted a south-west-dipping shear zone 
within the Thassos basement. In addition to this, brittle syn-sedimentary south-west-dipping 
normal faults are also important structures in the Nestos, Prinos and Orfanos basins 
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(Miocene; Fig. 1.4). The temporal and spatial association between the ductile and brittle 
deformation led Sokoutis et al. (1993) to propose a model of evolution from "core complex 
mode" extension to "wide rift" extension, following the more general model of Buck (1991). 
Given the age of the Vrondou granite, they proposed that ductile extension occurred from 
the Oligocene to early Miocene, then continued crustal thinning resulted in middle to late 
Miocene high-angle faulting and more distributed deformation. They interpreted all the 
Oligo-Miocene deformation in terms of the collapse of previously thickened crust. Later 
extension associated with the North Aegean detachment fault probably verged towards the 
north-east and was interpreted by Dinter and Royden (1993) as a late Pliocene feature which 
correlates with the D7 late-stage faults observed in the Olympos window (Schermer et al., 
1990; Schermer,1 993; Doutsos et al., 1993) and is linked to the development of the North 
Aegean Trough (Fig. 1.4). 
Maltezou and Brooks (1989) geophysically modelled six Eocene-Miocene Cenozoic basins 
from the Rhodope, which they deduced were all spatially associated with granites of 
Oligocene age. They interpreted the basins as being extensional and the age of the granites 
as indicating an important phase of Oligocene extension. Maltezou and Brooks (op. cit.) also 
noted the abundance of early Tertiary normal faults throughout the Rhodope and the 
synchroneity of rapid Miocene uplift of the granites and subsidence in the sedimentary 
basins. 
In summary, extension in northern Greece has been interpreted as starting in the early 
Oligocene and continuing into the Mio-Pliocene. This is consistent with observations of 
extension further south, in the Cyclades (Gautier etal., 1993; Lister et al., 1984; Buick, 
1991) and it has been suggested by some authors (e.g. Dinter and Royden, 1993) that 
extension was fairly continuous between the Miocene and present and that intermediate 
phases of Miocene compression recognised by other authors (e.g. Vergely and Mercier, 
1990) did not occur. However, the oldest well-dated brittle extension associated with basin 
formation is Miocene in age. Regardless of this, extension in northern Greece was 
contemporaneous with thrusting in the foreland to the south-west and possibly also at depth 
beneath the orogenic wedge. 
1.2.3.3 	The initiation and development of the Aegean arc 
Subduction is still active along the Aegean arc, resulting in volcanism and back-arc extension 
in the Aegean. The arc is curved and extends from the western coast of Epiros (where it has 
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a NW-SE trend) to the south-western corner of Turkey (where it has a SW-NE trend; Fig. 1.5). 
Palaeomagnetic results indicate important rotations of north-western Greece during the 
Tertiary, as well as the northward drift of the whole of the Aegean domain by around 1000 km 
(Kissel etal., 1985; Kissel and Laj, 1988; Fig. 1.5). Results from north-western Greece 
(including the MHT) suggest that it has undergone two clockwise rotations, each of around 
250 ; the first in the early to middle. Miocene and the second during the Plio-Quaternary 
(Kissel et al., 1985). This contrasts with results from western Turkey, which exhibit anti-
clockwise rotations (Kissel and Laj, 1988). These results suggest that the whole of the 
Aegean arc was orientated E-W as recently as the early Miocene and has only taken on its 
present arcuate shape since that time (Fig. 1.5). However, the same clockwise rotations are 
observed throughout north-western Greece and do not affect the tectonic relationships 
between any of the isopic zones considered in this work. All orientations within this thesis are 
with reference to the the current orientation of the Hellenides. 
The initiation of subduction along the Hellenic arc remains contentious. Early workers (e.g. 
Angelier, 1977; Le Pichon and Angelier, 1979) interpreted the initiation of subduction from 
the earliest evidence of back-arc extension within the Aegean domain and concluded that 
subduction started around 13 Ma. In contrast, Underhill (1989), postulated that subduction 
west of Kephalonia and Zakinthos may have resulted from even younger thrust-loading of 
old oceanic crust along a previous passive continental margin. More recently, much older 
estimates for the initiation of subduction along the Aegean arc (26-40 M.a) have resulted 
from assumptions about the rate of subduction and estimates of the length of the subducted 
Aegean slab (interpreted from tomographic studies; Spakrnan et al., 1988; Spakman, 1990). 
However, synthetic tests on the inversion procedure used in the tomographic studies have 
examined the extent to which the shape of a synthetic lithospheric slab penetrating to 
different depths is distorted by the tomographic imaging procedure (Ligdás and Main, 1991). 
They discovered that the distortion results in an artificial stretching of the lithospheric slab, 
with a stretching factor that can be as high as two. Spakmans interpreted age of the initiation 
of Aegean subduction should therefore be considered as a maximum. A further possibility 
(Mercier etal., 1989) is that is that both the Pelagonian/ Pindic arc (related to the Eocene 
subduction of the Pindos Ocean) and the modern Aegean arc might be associated with a 
unique subduction zone. 
The timing of the initiation of subduction along the present (Aegean) arc has important 
implications for the models of Mercier etal. (1989) and Papanikolaou (1988), as they 
interpreted the MHT as being a fore-arc and back-arc basin respectively (Fig. 1.7). However, 
as existing evidence suggests that the Aegean arc initiated south of the MHT (Underhill, 
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1989; Fig. 1.2), these interpreted settings for the basin are considered unlikely and the 
timing of the initiation of subduction is not considered any further in this thesis. 
1.3 	 An introduction to the Geology of the Meso-Hellenic Trough 
The Meso-Hellenic Trough is a clastic sedimentary intermontane basin, predominantly 
deposited in a variety of submarine environments. Small U. Eocene outcrops are preserved 
along the margins of the basin, but the majority of the sedimentary sequence is Oligocene-L. 
Miocene in age (Fig. 1.6). Thin Plio- Pleistocene deposits unconformably overlie the older 
sequence along part of the eastern margin of the basin in Greece. The sediments onlap 
deformed basement along both margins, which is predominantly Mesozoic in age (although 
some Palaeozoic outcrops occur along the eastern margin of the basin). Much of the 
basement along each margin comprises ophiolite and its cover sequence and it is likely that 
this is continuous beneath the basin, although this is not confirmed by gravity data (Jones, 
1990). 
Within the Meso-Hellenic Trough, the outcrop pattern is symmetrical in Albania, but youngs 
towards the north-east in Greece. The north-western tip of the basin is covered by Tortonian 
(M. Miocene) fluvial deposits and the south-eastern tip of the basin is covered by recent 
sediments of the Thessalie plain. Further patchy outcrops of similar age occurs further south 
in Greece along the same trend, but were not studied in this work. It has led some workers to 
suggest that the MHT may originally have been more continuous throughout Greece and 
may have correlated with the Tavas Molasse in Turkey (e.g. Brunn et al., 1976). 
1.4 	 Previous work in the Meso-Hellenic Trough 
1.4.1 	Early work (pre-1960) 
The first geological investigations were carried out in the MHT by Philippson and Hilber 
during the course of 1893-1894. Philippson (1890 and 1895) examined a traverse between 
Trikala and loanina while Hilber (1894) worked further north, examining the northern Pindos 
Mountains and the central MHT. Both workers collected fossil samples from the MHT and 
Philippson (1890) produced a map of Thessalie and Epiros at a scale of 1:30 000. C. 
Niculescu was Professor at the college of Grevena and recorded a number of observations 
on the geology of the MHT and the Pindos Ophiolite at the Rumanian Academy. (e.g. 
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Niculescu, 1914 and 1926). Renz (1940) also discussed the structure and stratigraphy of 
this area of northern Greece. 
The Albanian part of the MHT was studied by Bourcart (1922) who mapped the area between 
Kastoria and Lake Ohri on a scale of 1:300 000. He carried out a detailed stratigraphical and 
faunal analysis of the sediments in the basin, much of which remains extremely accurate. It 
was Bourcart who suggested that the relatively unknown area to the south-east (in northern 
Greece) would be an interesting area of study for J.H.Brunn. The latter carried out his studies 
in this area during the late 1930's and early 1950's over several long field-seasons which 
were broken up by both the second world war and Greek civil war. His thesis (Brunn, 1956) 
and associated papers on the stratigraphy and structure of the area form the main regional 
study of the Pindos Ophiolite and MHT in northern Greece. 
1.4.2 	Later work (1960-present) 
During the early 1960's, the French Petroleum Institute carried out a geological survey of the 
Greek part of the MHT which included geological mapping, several geophysical surveys and 
two boreholes. Although much of their work in this area remains unpublished, their regional 
synthesis (IFP, 1962) gives important insights into aspects of the surface and subsurface 
geology. Furthermore, some of their mapping has been incorporated in several of the Greek 
geological survey (l.G.M.E) 1:50 000 maps (e.g. Savoyat and Lalechos 1969a and b; Savoyát 
and Lalechos, 1972; Savoyat and Monopolis, 1971; Savoyat and Monopolis, 1972; Savoyat, 
Verdier and Monopolis, 1971). At least one paper directly resulting from this work was also 
published, concerning the existence of U. Eocene deposits in the area south-east of 
Kalambaka (Bizon et aL, 1968). 
Desprairies (a student of J.H. Brunn), and Faugeres carried out their thesis work together in 
the MHT. Desprairies (1977) studied the evolution and correlation between several of the 
flysch and molasse basins of north-west Greece while Faugères (1978) concentrated on the 
geomorphology of northern Greece. 
A number of palaeontological investigations have also been carried out. In Albania, Pashko 
(1970, 1973, 1974, 1975a and b, 1977, 1981 and 1985) studied the macrofauna and 
various aspects of the palaeogeography of the MHT; while in Greece, Georgiades-Dikeoulia 
et al., (1979) studied the coralline fauna in a small area of the basin. Micropalaeontological 
studies within the basin include those of Soliman and Zygojannis (1979a, b and c, and 
1980), Zygojannis and Muller (1982) and Ferneli (1987). Zygojannis and Sidiropoulos 
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(1981a and b) studied the heavy mineral distribution within the basin and Ori and Roveri 
(1987) examined the sedimentology of the Meteora conglomerates in the south-eastern tip 
of the basin. Papanikolaou et at (1988) discussed the tectono-stratigraphic development of 
the basin. 
Most recently, Ori et at (1990) and Barbieri (1992a and b) published papers during the 
course of this work. Ori et at (op. cit.) provided a biostratigraphic and sedimentological 
framework for the turbidites of the central MHT in Greece, the deposition of which they 
correlated with third order eustatic sea-level curves of Haq etal. (1987). Barbieri (1992) 
interpreted a palaeobathymetric curve for this part of the basin based on the observed micro-
fossils. 
1.5 	 Objectives and Rationale 
The MHT occupies a key position between the internal and external Hellenides. Its large size 
and stratigraphic thickness suggest that it is likely to have played an important role during the 
Tertiary development of the mountain-belt. However, the origin of the basin has remained 
very poorly understood. The MHT developed during a period when much of Greece was 
undergoing late orogenic extension, yet thrusting continued to be active to the south-west 
of the basin. As a result, models for the evolution of the Hellenides have included a wide 
variety of interpretations as to the origin of the MHT (Fig. 1 .7), but many are based 
predominantly on studies within the surrounding basement. Models include interpretations 
of the basin as a graben (Godfriaux and Ricou, 1991; Mountrakis etal., 1993) or a half graben 
(with faults interpreted either along the south-western or north-eastern margin; IFP, 1962; 
Papanikolau etal., 1988). These models that have envisaged an extensional mechanism for 
basin formation have been associated with either fore-arc extension (Mercier etal., 1989), 
back-arc extension (Papanikolaou et al., 1988) or orogenic collapse (Mountrakis, 1993; 
Schermer, 1993). Other suggested settings include that of a piggy-back basin (Fleury, 1980; 
Ori etal., 1990) or of a transtensional basin (Ori et at, 1990). 
Previous work in the MHT (section 1.4 and cited references) was either undertaken before 
the development of many current ideas regarding basin analysis, or has concentrated on the 
detailed sedirnentology or palaeontology of specific and local areas within the basin. 
Sedimentological, structural and palaeontological data from throughout the basin have never 
before been integrated, in part due to the political isolation of Albania during the past few 
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decades. Consequently, the primary aim of this work was to integrate all available data into a 
unifying model for basin development. It was hoped to constrain the stratigraphy, geometry, 
palaeobathymetry, sedimentary environments and sediment dispersal patterns within the 
basin. In addition, it was hoped that structural data would help determine the varying states of 
stress in this area of the Hellenides, during and after the deposition of the basin. This data 
could then be used to get a better understanding of the MHTs origin and development, 
which would help constrain the regional Tertiary evolution of the Hellenides and provide an 
insight into the late orogenic evolution of collisional mountain belts in general. 
1.6 	 Methodology 
Field-work in the MHT was carried out over a total of almost nine months. This comprised 
three field-seasons, each up to four months long, between 1990 and 1992 and one short 
reconnaissance trip. Of this, the majority of time was spent in Greece, but three weeks were 
spent in the Albanian part of the basin, primarily along Morave in the south (Fig. 1.6). Field-
work included a series of traverses across the basin, along which sedimentological and 
structural data were collected. Sedimentary logs were made on a variety of scales and key 
sections were recorded as photo-montages. Structurally important areas were also mapped 
in detail. Provenance data were collected by determining the composition of at least 100 
clasts with diameters in excess of 2 cm within a given area exposed in a single beds. 
Palaeocurrent data included the orientation of sole- and ripple-marks, clast imbrications and 
current vortex lineations. This complemented data on the direction of slumping from the 
orientation of asymmetrical soft sediment folds. Macro-fossils were collected both for 
stratigraphic and palaeo-environmental purposes and lithified samples were taken in order to 
determine the identity and age of benthic foraminifera. Less well-lithified mudstone and 
siltstone samples were taken to examine for calcareous nannoplankton and for illite 
crystallinity studies. Coal samples were taken in order to determine their vitrinite crystallinity. 
In the UK, samples were examined and benthic micro-fossils were identified in thin-section. 
Calcareous nannofossils were examined and identified from smear slides and vitrinite 
reflectance samples were prepared and examined by Shell international. Illite crystallinity 
samples were prepared in Edinburgh and analysed by X-ray diffraction. Structural data were 
plotted and analysed using an Apple Macintosh Stereoplot program. 
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1 .7 	 Thesis structure 
This thesis is divided into eight chapters. Following this introduction, chapter 2 describes the 
stratigraphy of the basin as used in this thesis, including both published and new 
palaeontological data on the basin. Chapter 3 describes and interprets the structure of the 
basin, ranging from outcrop-scale fault, fold and joint patterns to more basin-wide structures. 
Chapters 4-7 detail the sedimentological evolution of the basin, including sedimentary 
descriptions and facies analyses, and the interpretation of provenance, palaeocurrent and 
slump data. These chapters are divided according to the successive formations interpreted 
within the basin. Wherever possible, the varying facies are described at any given time from 
the north-western to the south-eastern tip of the basin, in order to emphasise the spatial 
relationships between different facies during each stage of the basin's evolution. The final 
chapter integrates all the data and discusses the origin and evolution of the basin, placing it 
in its regional context 
Chapter 2: The stratigraphy of the 
Meso-Hellenic Trough 
	
2.1 	 Introduction 
This chapter outlines the stratigraphy of the Meso-Hellenic Trough (MHT) as used in this 
thesis. No stratigraphic template has been erected for the whole of the MHT to date, so 
sections 2.2 (and appendix 1) present a formal stratigraphy of the basin. Such a template is 
vital in the detailed examination of any sedimentary basin as it provides a framework within 
which different depositional units and unconformities can be correlated in time and space. 
Section 2.3 discusses the problems inherent in integrating data from previous studies, such 
as the changes to time-scales over the last few decades. The biostratigraphy of the MHT is 
outlined in section 2.4, including new data and a discussion of the problems posed by the 
current variety of data available from different parts of the basin. Location maps mark the main 
towns, villages and rivers referred to in this and future chapters. 
2.2 	 Formal stratigraphy 
The lack of a basin-wide stratigraphy for the MHT has been partly due to the political isolation 
of Greece and Albania. Bio- and litho-stratigraphic studies within the MHT have been carried 
both in Greece (e.g. Brunn, 1956; IFP, 1962; Zygojannis and Muller, 1982; Ori etal., 1990) 
and in Albania (most notably by Pashko, 1973, 1975b, 1977). However, the work has been 
specialised and has lacked integration. The stratigraphy of the basin, as used in this thesis, is 
given in table 2.1. It illustrates that the sedimentary succession may be subdivided into 2 
groups, 12 formations and 31 members. The relationships between the different 
stratigraphic units are summarised in enclosure 1, which is drawn parallel to the length of the 
basin and does not diagramatically differentiate between stratigraphic units deposited along 
the north-eastern or south-western margins of the basin. The position of the stratigraphic 
units with regard to these margins is clarified by maps of the basin (enclosures 2 and 3; Fig. 
2.1). The accompanying diagrams (Figs. 2.2-2.5) are geographical location maps for 
reference throughout the thesis. 
The basin is divided into two main groups, which were predominantly deposited in a sub-
marine environment. These are separated by a basin-wide angular unconformity which 
reflects regional deformation and erosion during the late Eocene/ early Oligocene (Brunn, 
1956). The top of the Meso-Hellenic Group is also bounded by a basin-wide angular 
unconformity, above which the fluviatile Librazhd Formation (M. Miocene) was 
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deposited in the northern MHT and the lacustrine Grevena Formation (Pliocene) was 
deposited in the central and southern MHT. Volumetrically, the Meso-Hellenic Group 
(Oligocene-M. Miocene) forms the majority of the basin, and is the main focus of this thesis 
(chapters 5-7). Its stratigraphy largely follows the original stratigraphy proposed by Brunn 
(1956) for the Greek part of the basin. The Basin-margin Group (?M-U. Eocene) is discussed 
in chapter 4 and the Librazhd and Grevena Formations are briefly reviewed at the end of 
chapter 7. It should be noted that throughout this thesis, L., M., and U. stand for Lower, 
Middle and Upper respectively and refer to the age of rocks. The terms early, middle and late 
are always used in full and refer to time itself. 
Appendix 1 defines a formal stratigraphy for the basin, based upon field observations. This is 
laid out following the guide-lines of Hedberg (1976), Holland etal. (1978) and Whittaker et al. 
(1991). For each stratigraphic unit its name and status, synonymy, type section, 
subdivisions, lower and upper boundaries, age and geographical distribution are outlined. 
Within the Meso-Hellenic Group, the five formations are largely subdivided into constituent 
members. However, in some areas parts of formations are not attributed to specific members 
due to either poor exposure or to poor biostratigraphic or lithostratigraphic resolution when 
compared to neighbouring areas. For example in the Grevena area, the poor exposure of the 
Pentalofon Formation means it cannot be accurately correlated with the constituent 
members of the same formation further north (enclosure 1). Wherever possible, previously 
used names are maintained. However, to prevent the duplication of names (Hedberg, 1976), 
some terms have been changed. For example the Krania Marls (Desprairies, 1977; 
Faugères, 1978) are reinterpreted as part of the Krania Formation and have been renamed 
the Mikrolivado Member. 
Sedimentary logs of both type sections (holostratotypes) and other miscellaneous sections 
are mostly included in the appropriate chapter (chapters 4-7). However, a number of logs 
include several formations and are presented at the end of appendix 1. 
2.3 	 Geological time-scales and stratotypes 
2.3.1 	Time scales 
A number of previous studies have provided biostratigraphic data from different parts of the 
basin (section 1.4). It has therefore been essential to integrate as much of the previous 
biostratigraphic information as possible. The more recent micropalaeontological studies (e.g. 
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Ori etal., 1990; Zygojannis and Muller, 1982; Ferneli, 1987) clearly state the zonal scheme 
being used, but earlier work simply attributes a given section to a stage (e.g. Brunn, 1956; 
IFP, 1962; Pashko, 1973 and 1977; Soliman and Zygojannis, 1979a and b, and 1980). The 
interpretation of this work is therefore complicated by the numerous changes to time-scales 
and the correlation changes of different zonal schemes that have occurred in the last few 
decades. At present, at least four time-scales integrating biostratigraphy, chronostratigraphy 
and magnetostratigraphy are commonly in use (Berggren etal., 1985; Harland etal., 1989; 
Hardenbol and Berggren, 1978; and Haq etal., 1987 and 1988) and the length of different 
U. Eocene-M. Miocene stages varies considerably between them. Although no absolute 
dates are available from the MHT, the correlation of foraminifera or calcareous nannoplankton 
zones with the absolute ages provided by these time-scales is essential in the generation of 
burial history curves and estimates of rates of sediment flux. 
2.3.2 	Correlation between European stratotypes and standard 
microfossil zones in the Cenozoic 
An additional problem with correlation in the Mediterranean area is that most of the stage 
stratotypes occur in north-western Europe and so are devoid of Mediterranean fauna. The 
stratotypes were proposed and in place before the emergence of planktonic 
micropalaeontology as the most important correlation tool in marine sediments and the best 
sectionsfor the development of planktonic zonal schemes are often in tropical areas (e.g. 
Bolli, 1957). For practical reasons, early workers had to establish tentative correlation 
between their planktonic foraminiferal zones and relative geological time. The later 
emergence of calcareous nannoplankton as a biostratigraphic tool provided an indirect 
means of correlation between the European stratotypes and planktonic foraminiferal zones. 
It highlighted a number of discrepancies, for example that of the M.-U.Eocene (e.g. 
Hardenbol and Berggren, 1978). The Pniabonian stage (defined in northern Italy) was 
considered for a long time to be the Mediterranean equivalent of the Bartonian (defined in 
Britain; Hardenbol and Berggren, 1978; Harland etal., 1989). Calcareous nannoplankton 
showed that this was not the case and appropriate adjustments to the Palaeogene time-scale 
were made (Hardenbol and Berggren, 1978). This therefore calls into question the 
interpretation of the precise age of Eocene rocks in the MHT dated before this time (IFP, 
1962; Bizon etal., 1969; Desprairies, 1977; Soliman and Zygojannis, 1979a). It may also 
explain some of the confusion in stage names that arises in some cases (e.g. Soliman and 
Zygojannis, 1979a; section 2.4.2.1) when interpreting them in terms of modern time-scales. 
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A further problem with the correlation of planktonic zones and the original European 
stratotypes is that the best stratotypes to use are the most open marine sections. As many of 
these were deposited in shallow water, they were subject to erosion resulting from falls in 
relative sea-level, so the sections are often incomplete (Vail etal., 1974). As a consequence, 
some of the stratotypes (for example those of the Aquitanian and Burdigalian) do not entirely 
represent the time interval that is considered to be encompassed by the relevant stage. 
2.4 	 Dating and biozonation of the Meso-Hellenic Trough. 
Modern approaches to basin analysis are often dominated by sequence stratigraphy. This 
technique emphasises the importance of correlating unconformities and their correlative 
conformities within basins (wherever possible using biostratigraphic data) and emphasises 
the problems inherent in lithostratigraphic correlations. However, the technique was 
developed in basins in which seismic and/ or borehole data were available. Although a limited 
amount of seismic data exist for the MHT, they are not yet available for detailed examination 
and few unconformities and their correlative conformities can be mapped throughout the 
MHT on the basis of field-based studies. Furthermore, the biostratigraphic studies that have 
been carried out in the MHT were undertaken in isolated areas and used different fossils and 
zonal schemes. Only two boreholes exist in the MHT (IFP, 1962) apart from shallow 
boreholes related to the Albanian coal mines along Morave. Hence, given the variety of 
published biostratigraphic results, it would not be possible to present a scheme satisfactorily 
correlating all sections on the basis of their proposed ages alone and sequence stratigraphic 
methodology proved impossible to employ. The stratigraphy presented here is therefore in 
part based on lithostratigraphy and will probably be amended as more detailed dating is 
carried out in the basin or as seismic data are released. This section presents new 
biostratigraphic data from calcareous nannofossils and benthic foraminifera. It attempts to 
justify the correlations that are made between different parts of the basin and outlines the 
problems and inconsistencies presented by existing biostratigraphic data. 
Tropical planktonic foraminiferal zonation schemes can be used as references for the 
biozonation of the MHT, as open connections still existed at this time between the 
Mediterranean, the Atlantic and the Indian Ocean. Biozones established for the low latitudes 
are therefore still recognisable in the Mediterranean region. This changed near the L-M. 
Miocene boundary (towards the end of the deposition of the MHT) due to the closure of 




2.4.1 	New biostratigraphic data 
2.4.1.1 	Calcareous nannoplankton 
200 samples of mudstone or siltstone were collected from two complete sections and 
several partial sections across the MHT to examine for their calcareous nannoplankton 
content. The majority only contained rare, poorly preserved specimens or none at all. This is 
especially true of the turbiditic Pentalofon Formation in the centre of the basin. The lack of 
nannoplankton is generally due to the rapid deposition of its coarse clastic sediments and 
the resultant lack of interbedded units representing background sedimentation'. 
The data from the samples that were successfully dated is summarised in Table 2.2. The 
zonation scheme used is that of Okada and Bukry (1980). Original sample numbers are given 
for reference to samples stored at The University of Edinburgh and the exact location of 
samples is given. A list of the specific nannofossils found in each sample is presented in 
appendix 2. Table 2.3 plots this data against other biozonation studies carried out in the MHT 
and highlights the variation in results obtained by different palaeontologists. 
For the section along the Heptahorion-Pentalofon road (Fig. 2.4; along which many of the 
Heptahorion and Pentalofon Formation holostratotypes occur), the age of the Heptahorioñ 
Formation is in broad agreement with the work of Ori et al. (1990) and Barbieri (1992). 
Significantly, the base of the Pentalofon Formation in this section falls within zone CP19a of 
Okada and Bukry (1980), which correlates it with the Rupelian/ Chattian boundary, 
supporting the foraminiferal study of Ori et al. (op. cit.). As discussed in chapter 6, this is the 
time of one of the largest eustatic sea-level drops recognised by Haq et al., (1987). Along the 
same road-section, the gradational contact between the Pentalofon and Tsotillion 
Formations near Morphi exhibits a considerable non-sequence. A similar non-sequence is 
recognised by Zygojannis and Muller (1982) but at a different time (table 2.3). This is despite 
the tact that they also used calcareous nannoplankton. The top of the Tsotillion Formation in 
this section is dated as being much younger than has previously been suggested (zone CN6 
of Okada and Bukry, 1980). 
Other sections within the Tsotillion Formation (e.g. through the Fanari and Itea Members) are 
also dated as being of Burdigalian to Serrava!Iian age, which is also younger than previously 
published data (table 2.3). North of Trikala (Fig. 2.5), the Lagkadia Member of the Nestorion 
Formation is dated as being U. Burdigalian-Serravaltian in age, which is much younger than 
[Sample Formation I.G.M.E. sheet Locality description 
Zone (after 
Okada and number (Member) (Grid reference) 
Bukry, 1980) 
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New calcareous nannoplankton data 
for the central and southern MHT 	Table 2.2 
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the dating by IFP (1962) suggested. The section along the Krania-Kipourio road includes 
one Mikrolivado Member sample (41/8) from zone CP1413, i.e. Bartonian (M. Eocene; Fig. 
A2.1) and the overlying Monahiti and Upper Sandstone Members fall within zones CP15b-
CP1 6a, i.e. Priabonian (U. Eocene), on the time-scale of Haq et al. (1987). This contrasts with 
IFP (1962) who suggested that the Upper Sandstone Member is of L. Oligocene age 
	
2.4.1.2 	Benthic foraminifera 
In many of the shallow-water deposits of the MHT, planktonic microfossils are not present and 
benthic foraminifera were collected to date the succession. This was particularly useful for 
the base of the Dotsikon Member (Heptahorion Formation), the base of the Fanari Member 
(Tsotillion Formation) and the Ondria! Petropoulakion Members (Nestorion Formation; table 
2.1; enclosure 1). The zonal scheme used is presented in table 2.4 (Lorenz and Poisson, 
Pers. comm.) and they consider it to be applicable to the Mediterranean and Middle East. I 
have extended the range of Eulepidina by a dotted line in this figure as, although they 
consider that it died out in the Chattian, most previous publications suggest that it extends as 
far as the Aquitanian (Butterlin, 1981; Eames, 1977; Loeblich and Tappan, 1988). The data 
for the Heptahorion Formation is consistent with other dating schemes (table 2.3). For the 
base of the Nestorion Formation, the data is consistent with earlier interpretations (Brunn, 
1956; IFP, 1962; Zygojannis, 1982) but not with my own calcareous nannoplankton data or 
the data of Ferneli (1987), if it is assumed that the Nestorion Formation is younger that the 
Tsotillion Formation (see discussion in section 2.4.2.4 and below). In one locality (at 
Petropoulakion), the presence of both Miogypsinoides and Miolepidocyclina suggests that 
the range of these two microfossils overlaps, but this is not considered to be the case by 
Lorenz and Poisson. 
2.4.1.3 	Dating of corals from the Kipourio Member 
(Heptahorion Formation) 
Georgiades-Dikeoulia etal. (1979) dated a series of corals from the base of the Kipourio 
Member as being M. Miocene in age. This is totally inconsistent with all other dates from the 
Heptahorion Formation. Further corals were collected from the same localities and redated. 
The results are outlined in chapter 5 and indicate that the assemblage is probably of Rupelian 
(L. Oligocene) age. 
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Range of selected benthic foraminifera and their occurrence in the MHT 
Sample Formation I.G.M.E. sheet Locality Fossil content 







11.3 km south of Petropoulakion 
55/5 Nestorion (126113) 
28/2 (Ondria) 
Trikala Immediately west of 
(-134-150) Palaeopyrgos 
21/5 






1.5 km South-south-west 
(Fanari) of Ag. Akakios 
43/2 1 Pentalofon 
] 	
Prosferon village, 7 
(197-178) immediately east of Strivo 
43/1 Heptahorion 
(Dotsikon) Grevena Spileo rd.,the foot of Orliakas 
8/1 (-157-267) 
5/1 (-146-267) 
Stream section, 1 km 
east of Spileo  
2 km along the road, north- 
65/3b Krania Metsovo west of Mikrolivado  
N.B. Only samples with stratigraphically 
useful assemblages are shown Burdigalian 
Aquitanian 
Fossil _________________________________ ____ 
ranges - ________________________________ I I 	11111 I I I 	I I Oligocene iii1i:ii=i _ 
Eocene 
Table 2.4  
0. 
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2.4.2 	Unresolved stratigraphic problems within the Meso-Hellenic 
Trough 
2.4.2.1 	Dating of the Khimadio Member (Vassiliki Formation) 
The upper part of the Khimadio Member (Vassiliki Formation) is dated by Bizon et a! (1968) as 
being Lutetian but by Soliman and Zygojannis (1980) as being Bartonian. The latter authors 
maintain that there is an unconformity between the upper and lower parts of the section, 
whereas the former authors consider it to be conformable. However, there remains some 
confusion over the dating of Soliman and Zygojannis (op. cit.). Firstly, they refer to the 
Bartonian as being in the Upper Eocene, whereas it is currently placed in the Middle Eocene 
by most authors (Haq et al., 1987; Bergren et al., 1985). Secondly, they suggest that the 
stratigraphic gap above the supposed hiatus covers the Priabonian and part of the Bartonian. 
This is impossible if they maintain the Bartonian age for the section immediately above the 
hiatus, as the Priabonian is a younger stage than the Bartonian. The clarification of the 
precise age of this sequence requires further faunal collection and analysis. 
2.4.2.2 	The Oligo-Miocene boundary. 
Ori et al. (1990) used the zonal scheme of Berggren and Miller (1988) to date the Pentalofon 
Formatidn (as defined below) in the central MHT. In this scheme, zone N4 occurs at the base 
of the Miocene. Ori et al. (op. cit.) interpret the Oligo-Miocene boundary from the first 
appearance datum (FAD) of G!oborotalia kugleri, which in their range charts appears in the 
same horizon of the Pentalofon Formation as Globoquadrina dehiscens. However, the N4 
zone of Berggren and Miller (1988) can be divided into two sub-zones, separated by 0.5 Ma 
These are respectively marked by the FAD of G. kugleri and and Gq. dehiscens. The 
occurrence of both in the same horizon therefore indicates that although these are the first 
Miocene rocks within the sequence, they were deposited 0.5 my after the beginning of the 
Miocene. 
2.4.2.3 	The Aquitanian-Burdigalian boundary along the Heptahorion- 
Pentalofon road-section. 
According to the Mediterranean-based scheme of laccarino (1985), the Globigerinoides 
altiaperturus-Catapsydrax dissimilis subzone of the L. Burdigalian is marked by the 
disappearance of G. primordius and in increase in the number of other species, including G. 
triobus. Equally, Borsetti etal. (1979) mark the lower boundary of their Burdigalian G. triobus 
zone by the FAD of the zonal marker. However, Ori et al. (1990) identified G. triobus at the 
top of the section they examined, not far above the base of the Velos Member (as defined 
here; enclosure 1). The scheme of Berggren and Miller (1988), which they used, does not 
cover the Miocene, but dates the base of the Velos Member as occurring near the Oligo-
Miocene boundary. If both dates are correct is implies that the Aquitanian in this section is 
only represented by a small section at the top of the Pentalofon Formation and that the 
whole of the Tsotillion Formation is Burdigalian and younger in age. This contradicts both 
Brunn (1956) and IFP (1962) who suggested that the Pentalofon Formation was primarily 
Aquitanian in age (Table 2.3). 
2.4.2.3 	The age of the Pentalofon-Tsotil lion Formation contact. 
The Pentalofon-TsotiIlion Formation contact was originally dated by Brunn (1956) as 
occurring in the Aquitanian. However, Zygojannis and Muller (1982) dated it as being of 
Chattian age which is a result inconsistent with most other biostratigraphic data in the MHT 
(Table 2.3). New nannofossil data reported in this thesis (Table 2.3) place it near the top of 
the Aquitanian. Ferneli (1987) dated sections near both the Itea and Asproklissia Member 
holostratotypes (interpreted as part of the Tsotillion Formation) as being of L. Aquitanian age 
(zone N4 of Blow, 1969; Table 2.3). However, the assemblage Ferneli (1987) listed from 
these sections includes Globigerinoides triobus. As explained above, this is taken to mark 
the Burdigalian or younger by Borsetti etal. (1979) and laccarino (1985). The Velos Member 
(top of the Pentalofon Formation) in the Pevkos Gorge is dated by IFP (1962) as being of 
Burdigalian age, implying that the Tsotillion Formation is also Burdigalian in age. If 
Globigerinoides tri!obus is taken to mark the base of the Burdigalian, the same is then also 
true for the Heptahorion-Pentalofon road-section (as discussed above). This would then 
justify the correlation of the Velos Member in Greece with the Bradvice Member along 
Morave (which is interpreted as Burdigalian by Pashko, 1973 and 1977; see section 2.4.2.5). 
In summary, the contact is variously interpreted as occurring between the Chattian and 
Burdigalian, but is most likely to be upper Aquitanian-L. Burdigalian in age. For the 
foraminifera, this may depend on the zonal scheme used. However, the nannofossil zonal 
schemes of Okada and Bukry (1980) and Martini (1971) are consistent with one another 
(Table 2.3) so either my own nannofossil data or that of Zygojannis and Muller (1982) must be 
incorrect. Other data (Table 2.3) suggest that the latter is more likely to 6e the case. 
Ii 
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2.4.2.4 	The duration of the Tsotillion Formation and its correlation 
with the Nestorion and Damaskinea Formations in Greece 
As discussed above, the base of the Tsotillion Formation probably occurs between the U. 
Aquitanian-L. Burdigalian. The new nannofossil data presented in tables 2.2 and 2.3 
suggest that the top of the Tsotillion Formation is as young as the Serravallian in the 
Neapolis, [tea and Fanari Members. This is only slightly younger than data presented by 
Ferneli (1987) for the Itea Member, but considerably younger than the ages proposed by 
Zygojannis and Muller (1982), IFP (1962) and Brunn (1956). The younger ages present 
problems for the correlation of the Tsotillion Formation with the Nestorion and Damaskinea 
Formations, as the Nestorion Formation was until now dated as being Burdigalian in age 
(Brunn, 1956; IFP, 1962; Zygojannis and Muller, 1982; table 2.3). New data from benthic 
foraminifera (table 2.4) also point to a Burdigalian age for the base of the Nestorion 
Formation, while the new nannofossil data suggests that the Lagkadia Member ranges from 
the U. Burdigalian-M. Serravallian in age (Tables. 2.3.and 2.4). 
The Nestorion Formation clearly overlies part of the Tsotillion Formation in northern Greece, 
but elsewhere has been eroded or directly onlaps Pelagonian basement (Fig. 3.17). The 
redated samples come from sections of the Tsotillion Formation which are not directly 
overlain by the Nestorion Formation and which illustrate depocentre migration towards the 
north-east, so that they directly onlap the Pelagonian zone. The palaeontological data 
therefore suggests that while the Nestorion Formation is clearly younger than the lower part 
of the Tsotillion Formation, it may have been deposited at the same time as the upper 
Tsotillion Formation. However, this is based on correlation between different fossil groups 
and requires further palaeontological investigation. For the purposes of this thesis, the two 
formations are considered separately, as the Nestorion and Damaskinea Formations only 
occur as isolated outliers in their type sections in Greece. 
2.4.2.5 	Correlation of basin-wide sections from northern Greece and 
Morave (southern Albania) 
The above discussions (sections 2.4.2.1-2.4.2.4) are based on sections in Greece, where 
the majority of micropalaeontological work has been undertaken. This is partly because the 
succession in the central part of the MHT was generally deposited in deeper-water than 
those in Albania, so contain more stratigraphically useful planktonic microfossils. No previous 
workers have been able to examine sections in both northern Greece and southern Albania. 
The stratigraphic ambiguities still remaining for the Greek sections mean that correlation 
between Morave and Greece (Fig. 2.3) is not possible, based purely on palaeontological 
data. This is particularly the case because the majority of the stratigraphy of the MHT in 
Albania is based on macrofossils (Pashko, 1973 and 1977). A certain degree of 
lithostratigraphic correlation is therefore required, but this also presents problems, as 
illustrated in figure 2.6. While the base of the section at Morave is easily correlated both 
lithostratigraphically and biostratigraphically to the Heptahorion Formation in Greece (see 
chapter 5 for details), correlation of the upper part of the section is less easy. Brunn (1956) 
suggested that the Ondria Member algal limestone from the type section in Greece probably 
correlated with algal limestone cropping out across Morave (as described by Bourcart, 1922). 
This correlation was assumed by later Albanian workers and is illustrated in figure 2.6A. 
Although Brunn (1956) and Pashko (1973) respectively dated the two limestone units as 
being Burdigalian, their correlation implies a depocentre migration of around 2000 m along 
the axis of the basin, as well as a highly thinned Pentalofon Formation and practically 
nonexistent Tsotillion Formation. Furthermore, it implies that the section exposed above the 
Ondria limestone in Greece is highly condensed, despite the fact that the Damaskinea 
Formation sandstones are lithologically very similar in both sections. It is therefore 
considered unlikely that they correlate with one another. 
The preferred correlation tentatively correlates the four conglomeratic units which form the 
base of the constituent Pentalofon Formation members recognised by Ori et al. (1990) with 
conglomeratic units along Morave (Fig. 2.61B). As discussed in chapter 6, the origin of these 
conglomerates (whether primarily the result of eustatic falls in sea-level or tectonics) remains 
uncertain. Importantly, the Bradvice Member (conglomerates and sandstones) along Morave 
is correlated with the coarse-grained Velos Member of the Pevkos gorge section. As stated 
above (section 2.4.2.3), the Velos Member may be Burdigalian in age, which is the 
interpreted age of the Bradvice Member (Pashko, 1973). The Sinice Member siltstones 
(which contain Globigerinoides trilobus) are also dated as Burdigalian by Pashko (1973) and 
are correlated with both the Tsotillion and Nestorion Formations. As discussed above, these 
two formations may partly overlap. 
In summary, a new correlation can be justified on both lithological and palaeontological 
grounds which also makes sense in map-form (Fig. 3.19). However, given the 
palaeontological uncertainties of the central part of the basin, the correlation between these 
two areas (which is vital to any interpretation of the basins evolution) would benefit from 
further detailed micropalaeontological study. 
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2.5 	 Conclusions 
New calcareous nannoplankton data largely agree with previous data for the Heptahorion 
Formation, suggesting it is Rupelian in age. Along the Heptahorion-Pentalofon road section, 
both the top of the Heptahorion Formation and the base of the Pentalofon Formation occur 
within zone CP19a of Okada and Bukry (1980) which is a time of rapid eustatic sea-level fall 
(Haq et al., 1987). In the same section, the upper parts of the Tsotillion Formation are 
interpreted as extending into the Serravallian zones CN5b and CN6 of Okada and Bukry 
(1980). The Nestorion Formation is interpreted as ranging from the Burdigalian (based on 
benthic foraminifera) to Serravallian zone CN5a of Okada and Bukry (1980). This implies that 
the deposition of the Nestorion Formation may have overlapped with the deposition of the 
upper Tsotillion Formation. 
The Mikrolivado Member of the Krania Formation falls within zone CP14b of Okada and Bukry 
(1980) indicating that it is Bartonian (M. Eocene) in age. Nannofossils within the Upper 
Sandstone Member fall within zones CP15b-CP16a which on the time-scale of Haq etal. 
(1987) indicate a Priabonian age. This small discrepancy with IFP (1962) is probably due to 
changes in the time-scale since their original biostratigraphic work was carried out. Other 
discrepancies still exist in the dating of sequences in the central and southern MHT. This may 
in part be due to the use of different zonal schemes, but in the case of zonation by 
calcareoüs nannoplankton must be due to incorrect dating. In the correlation of Morave and 
northern Greece, the algal limestone units recognised in the two sections probably do not 
correlate and a new correlation scheme is proposed. 
Chapter 3: The structural geology of the 
Meso-Hellenic Trough 
3.1 	 Introduction 
This chapter predominantly examines structural relations within the Meso-Hellenic Trough 
(MHT). The structures described range from meso-scale (outcrop-size) to large-scale (basin-
wide). The descriptions include the orientation and/or sense of movement on faults, 
slickenside lineations and joints. Folding and deformation associated with local and regional 
unconformities is also described and interpreted. These structures were examined in order 
to elucidate the state of stress within the basin during and after deposition. Particular 
attention was paid to whether structures were of syn-sedimentary origin (and might therefore 
indicate the local state of stress during deposition, or even contribute to the subsidence 
itself). This was considered important, as previous authors have interpreted the Eocene-
Miocene state of stress in the area from the examination of relatively poorly dated (and 
possibly younger) basement structures. It was hoped that an assessment of the age of 
different deformation phases, with regard to the age of the sediments within the basin, might 
help distinguish the most appropriate model for basin evolution. The first half of the chapter 
examines the basin-margins in order to determine whether present basin-bounding 
structures were active during deposition and the nature of post-depositional deformation. 
Most of this work was carried out on the basin's western margin as it exhibits the most 
deformation.. The second half of the chapter predominantly deals with intra-basinal 
deformation, but also attempts to assess the amount of post-depositional erosion of the 
MHT, using vitrinite reflectance and illite crystallinity techniques. 
3.2 	 The south-western margin of the Meso-Hellenic Trough 
3.2.1 	The Krania sub-basin 
The Krania sub-basin developed in the middle to late Eocene on the south-western side of 
the MHT, prior to the deposition of the Meso-Hellenic Group. It was defined by Wilson (1993) 
- as those sediments deposited within an embayment on the eastern margin of the Pindos 
Ophiolite, beneath the basal Meso-Hellenic Group unconformity. This contrasts with the term 
Gulf of Krania used by Brunn (1956) to describe the embayment itself, as the Kipourlo 
Member of the Heptahorion Formation was also deposited within this area. The sediments 
deposited within the sub-basin are attributed to the Krania Formation, which is part of the 
45 
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Simplified geological map of the northern Krania Basin and Orliakas Hills, modified after Faugers 
(1975). Additional key: Ag Geo/ Ageos Georgeos, Kip/ Kipourio, Kr! Krania, Mid Microlivado, Mill 
Mitea, Mon/ Monahiti, Sp/ Spileo, Tr/ Trikomon. Inset shows the study area and the main isopic zones 
of Greece. Key: PA/ Pre-Apulian zone, 1/ Ionian zone, Pt Pindos zone, GTI Gavrovo-Tripolitza zone, SP/ 
Sub-Pelagonian zone, Pet Pelagonian zone, V/ Vardar zone, Pa, Parnassos zone (after Auboulfl, 1970) 
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Figure 3.1 
Basin-margin Group (Table 2.1). The margins of the sub-basin were examined, as the 
embayment in which it was deposited is the only discordant feature along the otherwise 
linear south-western margin to the MHT (Figs. 3.1 and 3.8). The Krania Formation is also the 
best-exposed formation in the Basin-margin Group and offers the opportunity to examine 
structures which deform the latter, but not the overlying Meso-Hellenic Group. Hence, the 
state of stress and likely cause of subsidence in the late Eocene may be determined. 
	
3.2.1.1 	Northern margin of the Krania sub-basin 
The contact between the Krania Formation and Pindos Ophiolite to the north of the Monahiti-
Trikomon road comprises a sub-veilical fault which is associated with a strong change in the 
strike of bedding from NW-SE to NE-SW in the northern part of the Krania sub-basin (Fig. 
3.1). The fault cuts the Upper Sandstone Member (U. Eocene), but not the Heptahorion 
Formation (L. Oligocene), although a considerably more minor fault is observed cutting the 
latter (Fig. 3.1). The question of whether the former fault formed the syn-depositional 
northern margin to the Krania sub-basin is problematic. Deposition of the Monahiti Member 
occurred to the north of the fault (south-west of Orliakas; Fig. 3.1) during which time debris 
flows were transported from Orliakas into the central Krania sub-basin, hence the fault did not 
form a significant topographic feature. However, the older members are not found to the 
north of the fault and the Mikrolivado Member appears both to become more proximal and to 
thicken towards the fault (IFP, 1962 and chapter 4), suggesting that it may have formed the 
basin margin at this time. The change in the trend of bedding from almost perpendicular to 
the fault (several kilometres away from it) to sub-parallel to the fault (north of Monahiti; Fig. 
3.1) is consistent with folding due to dextral strike-slip faulting. However, whether the faulting 
was syn- or post- depositional with regard to the Krania Formation is unclear. 
3.2.1.2 	Western margin of the Krania sub-basin. 
Field relationships: Along most of the western boundary of the Krania sub-basin, the 
Petra-Tripimeni Member or the Mikrolivado Member of the Krania Formation are variably 
folded to between 700  and vertical, striking parallel to the basin margin (Figs 3.1 and 3.5; 
plate 3.1A). One such fold is well exposed west of Krania, where the outcrop pattern of the 
ophiolite forms a distinct kink in the basin margin and both the ophiolite and overlying 
sediments are folded to the vertical or slightly overturned (Figs. 3.2 and 3.3). Beds 
immediately to the west of the ophiolite are folded into a syncline (Fig. 3.2) in an area which is 
unfortunately poorly exposed due to forest. Immediately to the north-west of Krania, 
bedding sharply decreases in dip to leave a complete stratigraphic section along the Milea- 
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See Fig 3.3 for key 	Structure of. the Krania area, western M.H.T. 
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Krania road (Fig. 3.2), where the basal contact with the Pindos Ophiolite is repeated by 
faulting. Immediately west of Krania, the ophiolite is unconformably overlain by 15-20 m of 
ophiolitic breccia of the Petra-Tripimeni Member and then by siltstones of the Mikrolivado 
Member (Fig. 3.2). However, several hundred metres of the basal succession, exposed 
along the Milea-Krania road, is not present. There is no exposed fault to explain the 
extremely abrupt termination of both the anticlinal structure and the ophiolitic breccia towards 
the north-west, but such a structure may be covered by drift from the river. 
Steeply dipping ophiolitic Petra-Tripimeni Member breccia also crops out south of 
Mikrolivado (along the holostratotype) and south-west of Platanista (Figs. 3.4 and 3.5). In 
both localities the basal contact with the underlying ophiolite is poorly exposed and it is 
uncertain whether each is a folded unconformity (as at Krania) or a fault. South-west of 
Platanista, a fault is more likely, as a fault-slice of ophiolite crops out only 200-300 m south-
east of the main contact (Fig. 3.5). 1 km to the south-east of this structure, a previously 
unrecognised Heptahorion Formation outlier was observed (cf. Koumantakis and Matangas, 
1980). While the surrounding sediments of the Krania Formation dip at between 15-80 0 , the 
Heptahorion sediments are sub-horizontal. In a stream-section through the outlier, a series of 
extensional NW-SE trending faults are exposed (plate 3.513). 
In contrast with these localities, the ophiolite/ Krania Formation contact along the western 
margin of the sub-basin, 800 m north-west of Mikrolivado, is a low-angle, east-dipping fault 
bringing ophiolite into contact with siltstones of the Mikrolivado Member (Fig. 3.4 and plate 
3.1A). 
Interpretation: The sub-vertical dips along much of the western margin of the Krania sub-
basin are locally associated with steeply-dipping reverse faults. However, where the basal 
contact is an unconformity, the steep dips are interpreted as the north-eastern limb of a tip-
line anticline formed above a blind north-east verging reverse fault (Fig. 3.3, section CD). The 
more southerly structures are constrained as being U. Eocene in age, as the deformation 
does not affect the unconformity at the base of the Heptahorion Formation in the southern 
Krania sub-basin (Fig. 3.5; plate 3.1D). Normal faults exposed in this outlier record the 
change in stress from compression in the late Eocene to later extension. 
The fault north-west of Mikrolivado is interpreted as a shallowly-dipping thrust as it places 
ophiolite above Krania Formation sediment, but no kinematic indicators are exposed to prove 
this. The reason for the opposite vergence of this structure, compared with the north-east 
verging (blind) fault interpreted as forming the margin further south is not known. The fault is 
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cut itself by several higher-angle faults (Fig. 3.4 and plate 3.1C) which are interpreted as 
being extensional. The two fault sets may also be interpreted as reflecting the same 
transition from late Eocene compression to later extension, as outlined above. 
3.2.1.3 	Southern margin of the Krania sub-basin! Gulf of Krania 
Field relationships: The southern margin of the Gulf of Krania is bounded by two major 
structural lineaments (Figs. 3.5 and 3.6, which overlap east of Katafigion). The more westerly 
of these structures bounds the Krania sub-basin and forms a distinct NE-SW trending 
topographic ridge. It consists of a SE dipping reverse fault which has folded and locally 
overturned beds of the Krania Formation in the footwall. Along the Panayia-Platanista road, 
the fault is associated with a number of splays which repeat the basal sedimentary 
succession several times over a horizontal distance of 100-200 m. The dip of bedding in the 
footwall decreases away from the fault towards the north-west and is unconformably overlain 
by the Heptahorion Formation outlier described above. 
The more easterly part of this margin is more complex, comprising several faults which are 
only partly exposed (Fig. 3.6).These bring ophiolite and a series of isolated limestone 
outcrops into contact with the Kipourio Member of the Heptahorion Formation. Although the 
ophiolite-sediment contacts along this margin are not always well exposed, they appear to 
consist of a series of en echelon NW-SE trending faults which are linked by shorter NE-SW 
trending faults. The result appears on the map as a serrated contact between the MHT and its 
basement. Between the protruding outcrops of ophiolite, coarse-grained ophiolitic breccia 
containing blocks up to 1.5 m in diameter was deposited. Despite the occurrence of the 
breccia immediately beneath the limestone outcrops (Fig. 3.6), the breccia is purely ophiolitic 
and is never found in stratigraphic contact with the limestone. Bedding thickness and clast 
diameter in the breccia broadly decrease northwards, away from the fault system to the north-
west of Megali Petra. In contrast with this faulted contact, the fossiliferous sandstones 
overlying the breccia onlap the limestone. The contact between the ophiolitic breccia and 
fossiliferous sandstones was only observed in one locality (200 m north of Kakoplevre) 
where it appears to be marked by a palaeosol. 
The continuation of the various faults along this margin is difficult to map due to poor 
exposure. Highly disrupted NW-SE striking beds in the forested area 4 km north-west of 
Kakoplevre are likely to be due to the continuation of the fault cropping out to the south-west 
of Kakoplevre (Fig. 3.6). Fault activity south of Katafigion (Fig. 3.5) is also suggested by 
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(more easterly) fault complex. The overall east-west trending zone of deformation (Fig. 3.6) 
may continue westwards across the Krania sub-basin (in the complex area north of Platanista; 
Fig. 3.5). 
Interpretation: The unconformity between the Krania and Heptahorion Formations 
constrains the main period of movement along the westerly reverse fault as having occurred 
in the late Eocene (Fig. 3.5). In the more easterly fault-system, the observed outcrops of 
ophiolitic breccia only occur in the areas between the main en echelon faults and their minor 
linking faults (Fig. 3.6). Individual beds of breccia also coarsen and thicken towards the faults, 
suggesting syn-sedimentary fault movement. The breccia is therefore interpreted as forming 
in minor pull-apart structures between the en echelon faults in a zone of sinistral strike-slip 
faulting, but no kinematic data was available to support this interpretation. The presence of 
an important deformation front in this area is supported by the observation by Brunn (1956) 
of increasing deformation towards Megali Petra in the river section to the south-east. 
The fact that faults in the Kakoplevre area cut the Kipourio Member indicates that the latest 
deformation along this margin was more recent than the movement along the reverse fault 
exposed further west. However, polyphase faulting may have occurred. The ophiolitic 
composition of the breccia in the footwall of Cretaceous limestone indicates that during early 
faulting, when the breccia was deposited, limestone was not exposed. In contrast, limestone 
was clearly outcropping during the deposition of the overlying shallow-marine sequence, as 
limestone blocks exposed immediately north of the Kalambaka-Kakoplevre road are 
encrusted by oysters in a sandstone matrix. 
The interpreted age of the ophiolitic breccia, compared with that of the overlying fossiliferous 
sequence, is vital to any interpretation of the deformation along this margin. Contrary to the 
earlier work of Georgiades-Dikeoulia et aL (1979), age redetermination carried out as part of 
these studies (section 5.9.4.3) has shown the coral-bearing Kipourio Member sequence to 
be Rupelian (L. Oligocene) in age. However, it remains uncertain whether the ophiolitic 
breccia is also part of the Heptahorion Formation (as interpreted by Brunn, 1956) or part of 
the older Krania Formation. Although no angular unconformity exists between the breccia 
and fossiliferous sandstone, the presence of a palaeosol along the contact indicates a 
significant break between their respective deposition. Furthermore, the fact that the various 
limestone outcrops were exposed during deposition of the fossiliferous sequence, but not 
during the earlier deposition of the breccia, suggests significant faulting between the 
deposition of each. 
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In addition to the structures described above, an important structure was also detected 
across the southern Gulf of Krania from landsat imagery by Lyberis et al. (1982) and can be 
mapped eastward across the MHT (section 3.4.2.3; Figs. 3.8 and 3.21). It is interpreted by 
them as a palaeo-transform fault. This margin of the Gulf of Krania may therefore be a long-
lived structure that originated as early as the obduction of the Pindos and Vourinos 
Ophiolites in the late Jurassic. 
3.2.1.4 	Intra-Krania sub-basin deformation 
Deformation observed away from the basin margins consists of relatively small-scale 
structures exposed along road sections. In the southern Krania sub-basin (Fig. 3.5), a small 
outcrop of ophiolite is upfaulted into the Krania Formation, 1 km ESE of Platanista. Although 
its position on a map might suggest that it is underlain by a relatively flat-lying thrust and forms 
a klippe, all exposed contacts are high-angle (? reverse) faults. East-west trending reverse 
faults also uplift ophiolite and Cretaceous limestone north of Platanista and cut a series of 
north-south faults which imbricate ophiolite and ophiolitic breccia. The latter faults have sub-
horizontal slickenside lineations along them which indicate a period of strike-slip movement 
along the western bounding fault, although faults observed elsewhere (e.g. Fig. 3.2) 
indicate dip-slip motion. 
In the northern Krania sub-basin, smaller-scale structures were recorded along the Krania 
Kipourio road and in more detail along a cross-section through the Upper Sandstone 
Member, between Monahiti and Ag. Adanasios (Fig. 3.7). The former section exposes 
several sections of tilted bedding cut by numerous small-scale faults (plate 3.5A). Many of 
these are clearly reverse faults, but the interpretation of others depends on whether faulting 
occurred before or after folding. The outcrops may therefore record episodes of both 
compression and subsequent extension. Bedding in the latter section (Fig. 3.7) has been 
highly deformed by compressional tectonics. However, bedding strike and fold axes trends 
change half way along the section, in a similar way (but more abruptly) to the broad change in 
bedding strike throughout the northern Krania sub-basin. 
Interpretation: Movement along most of the faults in the southern Krania sub-basin is 
interpreted as having occurred in the late Eocene/ early Oligocene between the deposition 
of the Krania and Heptahorion Formations. Faults are mainly high-angle reverse faults which 
were unconformably overlain by the Heptahorion Formation. The area was subsequently 
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In the northern Krania sub-basin, the change in the trend of structures may be the result of 
strike-slip motion along the northern sub-basin margin, as interpreted above (Figs. 3.1 and 
3.7). However, the change in trend occurs exactly along the trend of an F2 antiform 
described by Jones (1990) and Kemp and McCaig (1984) in the Pindos Ophiolite (Fig. 3.8). 
The F2 deformation (which folds earlier Fl folds thought to represent thrust-ramp-generated 
structures) has been attributed either to a post-thrusting compressional episode (Jones, 
1990) or to folding along lateral ramps during continued (?Eocene) thrusting within the 
Pindos thrust-stack (Kemp and McCaig, 1984). The change in trend of the meso-scale 
structures may therefore either indicate that the F2 event occurred in the late Eocene, or that 
it was a slightly older event, but the F2 structure was reactivated during the late Eocene. 
Whichever explanation is correct, the fact that the thrust at the base of the Pindos Ophiolite 
is folded by an F2 fold (Fig. 3.8) which does not deform the overlying Heptahorion 
Formation, indicates that the basal thrust to the Pindos Ophiolite must have become inactive 
by the early Oligocene, prior to the deposition of the Meso-Hellenic Group. This is in 
disagreement with the model of Mountrakis et al. (1993; Fig. 1.8) which is discussed further 
in chapter 8. 
3.2.2 	Deformation along the western margin of the remainder of the 
Meso-Hellenic Trough 
Apart from the indentation of the Gulf of Krania, the western margin of the MHT is an 
extremely linear feature (Fig. 2.1). However, previous examinations of the basin have 
resulted in different interpretations as to the sense and timing of deformation along it. While 
original work on the Greek part of the basin by Brunn (1956) suggested that the western 
margin consisted largely of a compression-related fold, IFP (1962) suggested that a syn-
sedimentary normal fault controlled subsidence along this margin during early basin 
evolution (Fig. 1.7). Similarly, Jones (1990) interpreted brittle, high-angle faults in the 
Orliakas area (Fig. 3.9) as being extensional in origin, whereas Faugeres (1978) interpreted 
the uplift of Orliakas as the result of compression. 
In contrast with this margin in Greece, the Albanian part of the basin is mapped as being 
relatively undeformed along most of its western margin (Harta Gjeologjike, 1982). In order to 
determine the nature of deformation along this margin and whether it was synchronous with 
or later that basin formation, a number of sections across the basin were examined. The basal 
contact of the Meso-Hellenic Group along the south-western margin can be divided into 
several end-member categories. These include a relatively unfolded unconformity; a steeply 
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dipping unconformity; and a faulted contact. In addition, the preservation of part of the Krania 
Formation behind the Orliakas ridge allows the interpretation of deformation in this area 
during the Priabonian (late Eocene), prior to the deposition of the Heptahorion Formation. 
3.2.2.1 	Upper Eocene deformation, west of Orliakas 
Field relationships: The Orliakas Hills form a series of outcrops of U. Cretaceous, 
shallow-water limestones which crop out north of the Krania sub-basin (Jones, 1990; Figs. 
3.1 and 3.9). They form a NW-SE trending ridge up to 1400 m high, which is dissected by the 
Venetikos river beneath the village of Spileo. The limestone lies, with a sub-horizontal 
contact on dismembered ophiolitic material of the Pindos Ophiolite, but it is uncertain 
whether this is a Tertiary thrust or normal sedimentary contact (Jones, 1990). 
The sediments south-west of Spileo are tentatively dated as being Priabonian (U. Eocene) in 
age, based on the presence of striate nummulites and facies correlation with the Krania 
Formation to the south. They are attributed to the Monahiti Member of the Krania Formation, 
following Faugeres (1978), and form an outlier that is now entirely separate from the Krania 
sub-basin (Fig. 3.9; cf. Koumantakis and Matangas, 1980). An isolated outcrop of the 
Monahiti Member also occurs 1 km east of Spileo (Fig. 3.9) and is overlain unconformably by 
the Heptahorion Formation sediments, which at their base contain locally-derived limestone 
blocks up to 4 m in diameter. The layers containing the limestone blocks pass up into coral-
bearing horizons dated as L. Oligocene by the presence of Nummulites fichtelli (plate 5.7E) 
These outcrops are associated with two inliers of Cretaceous limestone, which have 
previously been assumed to be fault-bounded (Savoyat and Monopolis, 1972). Although 
the limestone! Heptahorion Formation contact is locally faulted (tilting bedding to 71 0; Fig. 
3.9) and the Heptahorion sediments near the inlier are cut by a series of minor faults, both 
the Heptahorion Formation and Monahiti Member overlie the limestone unconformably. 
South-west of Orliakas, a series of faults separate the Monahiti Member from both 
Cretaceous limestone and Pindos Ophiolite. However, outcrops south of Spileo indicate that 
the Monahiti Member originally onlapped the limestone with a significant palaeotopography 
(plate 4.213). The main fault south-west of Megali Petra is itself sub-vertical and upthrows 
ophiolite. Beds in the Monahiti Member are steeply dipping and contain a footwall syncline 
(Fig. 3.9; plate 3.2A). 
In the footwall of a parallel fault, 500 m north-west of Spileo, a sub-angular limestone breccia 
contains numerous 2-4 m blocks of Cretaceous limestone (plate 3.213). An isolated 4m 
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limestone block also occurs 100 m south-west of the fault and is clearly derived from the fault 
scarp. It has been incorporated in (and onlapped by) well-bedded sandstone horizons and 
the whole sequence has then been tilted to the vertical (plate 4.2A). A further angular 
limestone breccia, dipping at up to 22 0 , overlies the vertically dipping olistolith-bearing bed 
and extends towards the church, 1 km west of Spileo (Fig. 3.9). 
Interpretation: In contrast with earlier interpretations of the faults west of Orliakas having a 
normal sense of motion (Jones, 1990), they are reinterpreted as reverse faults. The reverse 
sense is indicated by structural geometries, including the overturning of the Monahiti 
Member and the footwall synclines that are locally developed (plate 3.2A). The faults are 
interpreted as having been active in the Priabonian from the fault-related breccia and 
limestone blocks, north-west of Spileo. During the uplift of Orliakas, they are interpreted as 
having shed olistostromes southwards to form the Monahiti Member in the Krania sub-basin 
(following Faugeres, 1978). The rotation to the vertical of the bed containing the 4 m 
limestone block is also interpreted as the result of continued motion on the fault, 100 m to 
the north-east. This fault may also have been reactivated more recently (possibly during 
movement along the Orliakas fault) to deposit the unconformably overlying breccia. 
An Orliakas source for Monahiti Member sediments in the Krania sub-basin indicates that 
deposition was continuous between Orliakas and the Krania sub-basin during the late 
Eocene. Movement along the south-western bounding fault to the Monahiti Member inlier 
must therefore have occurred at a later stage and may be contemporaneous with the late 
Miocene movement on the Orliakas fault discussed below. Movement on the various high-
angle faults folded the Monahiti Member into a syncline. Further towards the south-east, 
increasingly lower sections are exposed through the structure, as reflected both in present 
topography and the amount of remaining Orliakas limestone (Fig. 3.10). 
By the early Oligocene, the Orliakas limestone appears to have been largely covered by the 
Monahiti Member. During the deposition of the basal Heptahorion Formation, the Orliakas 
structure did not form a topographic high and it is likely that the Heptahorion Formation 
extended further west than the Orliakas fault. These deposits contain little limestone 
detritus, apart from the outcrop 1 km east of Spileo where limestone blocks were locally 
deposited at the base of the Heptahorion Formation. Orliakas was finally uplifted into its 




3.2.2.2 	Gently-folded unconformable contacts 
The western margin of the MHT in Albania is relatively inaccessible as most roads follow the 
western edge of Lake Ohri (Fig. 2.2). However, two representative sections across the 
western margin were examined and the remainder of the margin has been mapped by the 
Albanian Geological survey (Harta Gjeologjike, 1982). The first section is near the base of the 
Lozhan Member holostratotype, along the road west of Maliq (Fig. 2.2). Ophiolite is 
unconformably overlain by ophiolitic breccia and then by fossiliferous sandstone of the 
Dotsikon Member. The contact and overlying units dip at 15200  towards the east, forming 
the western limb of the Moker syncline (enclosure 2). The basal Heptahorion Formation 
contact along most of this margin is a gently folded unconformity, mirroring the contact along 
the eastern margin. The folding is clearly constrained as having occurred between the 
Burdigalian and Tortonian (section 3.4.4.1) and no evidence exists for syn-depositional 
deformation. 
3.2.2.3 	Steeply-dipping unconformable contacts 
An unconformable contact is exposed along the south-western margin of the MHT in Greece 
along several sections. The most northerly of these is west of Heptahorion, where the 
Pindos Flysch/Ophiolite contact is a vertical fault (Fig. 3.11). Within the ophiolite immediately 
to the east of the fault, a melange containing recrystallised limestone blocks with a strong 
west-dipping fabric was observed. Along the eastern margin of the ophiolite, several 
(possibly fault-repeated) outcrops of melange occur, in which blocks up to 4 m long of green 
mudstone, grey kink-folded shale, micaceous green fine- to medium-grained sandstone, 
pink crystalline limestone and purple brecciated limestone were observed in a serpentinite 
matrix. The blocks commonly have a strong fabric due to shearing and in one particularly well-
exposed outcrop (Plate 3.3A), serpentinite has locally crystallised between beds at the edge 
of well-aligned pods of thinly-bedded purple limestone. These ductile structures are cut by 
brittle faults which have a normal sense of motion in their current orientation, indicating at 
least two phases of deformation under very different conditions. The basal contact of the 
Pogradec Member with the ophiolite is unconformable and cut by a series of brittle faults, 
which repeat part of the basal section (3.313). These faults are found throughout the 
Heptahorion Formation in this section and, importantly, do not cut the Grevena Formation. 
Immediately along the contact, bedding dips at 500  towards the north-east and varies in dip 
between 200 and 650 , up to 500 m from the contact. East of this, it dips at a more constant 
250 . The faults that cut the basal contact are predominantly extensional, although some may 
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Comparable sections were examined east of Strivo and west of Dotsikon (Fig. 3.12). To the 
west of Strivo, the 25 km long NW-SE trending area of Pindos Flysch, that is almost 
surrounded by ophiolite, has been termed the Samarina half-window by Brunn (1956; Fig. 
3.8). Along this margin of Strivo, the limestone is in vertical fault contact with the Pindos 
Flysch and along the north-eastern edge of Strivo, semi-continuous sections exist to within 
10-20 m of the limestone (Fig. 3.12). In a more northerly section, bedding dip increases 
gradually from 450  (400 m from the contact) to the vertical or overturned adjacent to the 
contact (plate 3.4A). The second section is similar, but the increase in bedding dip is even 
more gradual, with a change from 60 0 near the road bridge to 70 0 near the contact, where 
Oligocene reefal limestone directly overlies the Cretaceous limestone forming Strivo. The 
contact is marked by a pronounced waterfall. 
In the Dotsikon section, a constant 55-65 0 dip is maintained within the Heptahorion 
Formation up to 1.5 km away from the basal contact (section CD; Fig. 3.11). Furthermore, in a 
river section 2 km ESE of Dotsikon, where Cretaceous Limestone is no longer present, the 
Heptahorion Formation is in clear unconformable contact with basement radiolarian cherts. 
Interpretation: In all the above sections, the contact between the Heptahorion Formation 
and basement is interpreted as being unconformable. Where this is not directly visible, it is 
inferred from the similar orientation of the basement and basal Heptahorion Formation beds. 
In these sections, the dip of the basal units also remains relatively constant away from the 
contact, compared with sections in which the basal contact is faulted. 
West of Heptahorion, the melange is interpreted as part of the Avdella Melange, described 
by Jones (1990) in the main body of the Pindos Ophiolite. The fault at the western margin of 
the ophiolite and the ductile shear-zones within the ophiolite itself are interpreted as having 
originally formed as a sub-horizontal thrust-fault that have since been folded to the vertical. 
While the fault at the western margin of the ophiolite is interpreted as being U. Eocene in 
age, the ductile structures are probably older, linked to original ophiolite emplacement. The 
brittle normal faults are interpreted as younger (? Oligo-Miocene) structures. 
The deformation described has no influence on sedimentation within the Meso-Hellenic 
Group and does not affect the Grevena Formation. It is therefore interpreted as being late 
Miocene in age. The sub-vertical orientation of both basement and sediments in many of 
these sections is interpreted as the eastern limb of an asymmetrical north-east-verging 
anticline. This same fold may also have resulted in the formation of the Samarina half-window 
(Fig. 3.8), with the flatter-lying ophiolite forming the south-western limb of the fold. Due to 
mes 
the along-strike association of this fold with exposed faults (see below), the fold is 
interpreted as the result of a blind, north-east verging, high-angle reverse fault at depth. 
3.2.2.4 	Steeply dipping fault contacts 
Field relationships: Fault contacts were observed in at least five sections across the 
south-western margin of the MHT. Each is briefly described, and cross-sections and location 
maps are also provided. In Albania, a faulted section along this margin is exposed along the 
main Elbasan-Pogradec road (enclosure 2). An east-verging reverse fault thrusts ophiolite 
over the Librazhd Formation, overturning bedding in the footwall to E 38 0 (plate 3.41D). 
In Greece, fault contacts are more common. Along the road between Chrisi and Grammos 
(Fig. 3.13), the immediate basement to the Heptahorion Formation consists of Cretaceous 
limestone, but the basal Pogradec Member (exposed within 20 m of the sub-vertical 
limestone cliff) consists of coarse-grained, locally-derived ophiolitic breccia (containing clasts 
up to 50 cm in diameter). Bedding within the basal Heptahorion Formation is vertical or 
overturned and rapidly decreases in dip away from the contact. East of the villages of Chrisi 
and Pevkofito (Fig. 3.13), the Pindos zone basement is also Cretaceous limestone which 
outcrops as steep cliffs. The Heptahorion Formation is visible to within 30 m of the cliff and 
dips directly away from it (Fig. 3.13) while to the east of the contact, bedding dip decreases 
then becomes overturned. In the section west of Chrisi, bedding passes more gradually from 
being overturned to dips of 30 1 (right way up). 
Between Strivo and Orliakas (Fig. 3.12; section EF), the basement consists of Pindos Flysch 
and a small outcrop of Cretaceous limestone, yet the basal conglomerates of the Pogradec 
Member consist entirely of coarse-grained, locally derived ophiolitic conglomerate. The 
Heptahorion Formation is locally sub-vertical and always youngs towards the north-east, but 
changes in dip are rapid. Within the base of the Pentalofon Formation, several parasitic folds 
deform the monocline (although care must be taken, as this section includes at least one fold 
interpreted as as the result of slumping). Bedding then decreases in dip to 25 0 , after which 
the monoclinal dips are constant. 
Along the north-eastern margin of Orliakas , the contact between the Heptahorion Formation 
and Cretaceous limestone is sub-vertical (marked as the Orliakas fault in Fig. 3.9; plate 3.4C). 
Vertical slickensides are locally visible (Brunn, 1956) and the Heptahorion Formation dips 
towards the north-east. An 80 m waterfall occurs where the Venetikos river cuts the 






























-oss-sections across the western margin of the Meso-
Hellenic Trough between Heptahorion and Grammos 
A final example occurs west of Kalambaka, near Sarakina, where the Heptahorion Formation 
is locally overturned and highly sheared along its contact with Pindos zone limestone and 
radiolarite (section EF; Fig. 3.11). Up to 200 m east of the main fault, small inliers of limestone 
also occur, but their contacts are not clearly exposed. 
Interpretation: As indicated in the accompanying diagrams, the contact between the 
Heptahorion Formation and Pindos zone basement in all the above sections is interpreted as 
a fault. In most cases the contact is steeply-dipping, often overturning the base of the 
Heptahorion Formation. Additional evidence for a fault contact either comes from the 
presence of slickensides along the contact or a marked difference in lithology between 
locally-derived basal Heptahorion Formation conglomerates and the basement. In several 
sections (e.g. near Chrisi, north of Orliakas and west of Kalambaka), the presence of small 
outcrops of basement north-east of the main fault, or folds in the Heptahorion Formation are 
interpreted as the result of minor associated faults. 
In contrast with some earlier authors (e.g. Jones, 1990, for the Orliakas fault), the faults are all 
interpreted as having a reverse sense, resulting from compression. This is because of the 
overturning of the Heptahorion Formation in many sections. Movement on the fault in 
Albania is constrained as being post-Tortonian, but in the other sections the faults only cut 
the Heptahorion Formation. However, there is no evidence that these faults were syn-
depositional and they are all interpreted as being U. Miocene in age. 
3.2.2.5 	Summary of Upper Miocene deformation along the western 
margin of the Meso-Hellenic Trough 
In Greece, the contact between the Heptahorion Formation and the Pindos zone varies 
along the length of the basin between two end-member structures. These are a folded 
unconformity and a steep reverse fault. Both structures are interpreted as the result of a 
similar structure at depth; a high-angle, north-east verging reverse fault that either remains 
blind, generating an asymmetrical anticline, or reaches the surface. This structure formed (or 
at least reactivated) the Samarina half-window (Brunn, 1965; Fig. 3.8) which is interpreted as 
an asymmetrical anticline. The deformation along this margin occurred prior to the deposition 
of the Grevena Formation and is interpreted as a post-depositional (?)U. Miocene structure. 
The deformation associated with the structure dies away within 1-2 km of the current western 
margin of the basin. It is therefore independent of the folding which resulted in the basin-
wide monocline in the central segment of the basin (discussed below). It seems likely that the 
structure reactivated an earlier fundamental basement lineament in response to U. Miocene 
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compression, as the south-western margin is remarkably straight in Greece, apart from along 
the Gulf of Krania. 
In contrast, the unconformity along most of the south-western basin margin in Albania is more 
gently folded. The fact that the MHT developed in this northern part of the basin, despite the 
lack of fault along the south-western margin, supports the idea that the western margin 
structure is post-depositional and unrelated to basin subsidence. Importantly, the fact that 
both the blind reverse fault in Greece and the gentle syncline in Albania are post-
depositional structures suggest that the south-western edge of the MHT, as exposed today, 
did not form the margin of the basin during deposition. 
The relatively recent timing of this deformation is also suggested by the numerous deeply 
incised gorges and waterfalls along this margin (e.g. at Orliakas and Strivo). These features 
are also observed even when the waterfall passes down into ophiolite (e.g. the gorge near 
the peridotites of Mt Kratsovon, south of Kakoplevre; Brunn, 1956) suggesting that they 
may not simply be the result of the preferential erosion of the MHT. Furthermore, although 
Pindos Flysch crops out along much of the length of the Samarina half-window, the basal 
sediments of the Meso-Hellenic Group almost never overlie it directly (Brunn, 1956) and 
clasts of Pindos Flysch are rarely found in the locally-derived Pogradec Member. This 
suggests that the core of the Samarina half-window was largely unexposed during the 
Oligocene. 
3.3 	 North-eastern margin 
Although several sections were examined across the north-eastern margin of the basin, it is 
described in far less detail than the south-western margin, as it is less varied and less 
deformed. Furthermore, it is often unexposed in Greece, due both to arable farming on the 
low-lying siltstones of the Tsotillion Formation and the deposition of the Grevena Formation, 
which covers the contact between the Meso-Hellenic Group and Pelagonian basement. 
Along the eastern limb of the Moker syncline, the Heptahorion and Librazhd Formations 
onlap basement along most of the margin of the basin (enclosure 2). Across the Greek-
Albanian border, the Bitincke Formation clearly onlaps the Pelagonian zone (Fig. 3.19). 
However, east of Levki (Fig. 3.19), the contact is formed by a sub-vertical fault which folds the 
MHT sediments to a dip of 500,  but laterally it appears that the contact may still be 
unconformable. The faulting along this part of the margin is therefore interpreted as a minor 
ace 
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reverse fault which must be 
postBurdigalian in age and is likely to have formed at the same 
time as the U. Miocene deformation along the western margin of the basin. 
The TsotilliOfl Formation onlapS the Pelagonian zone near the town of Vogatsikon (Fig. 2.3) 
and then is not exposed along this margin until it onlaps the VourinoS OphioUte (Fig. 3.15). 
Further onlap of the Pelagoflian zone is clearly seen east of AsprokliSSia and east of Meteora 
(Fig. 2.5; enclosure 3). 
In summary, apart from the faulting north of Kastoria, the Pelagonian zone is clearly onlapped 
by both the Basin-margin Group and Meso-Hellenic Group along the whole length of the 
basin. While along the Albanian part of the margin, the base of the Meso-Hellenic Group is 
represented by the Heptahorion Formation, along the Greek part of the margin the base of 
the Meso-Hellenic Group is represented by the TsotilliOfl Formation due to north-eastward 
depoCefltre migration. 
3.4 	 IntrabaSiflal deformation 
The numerous and conflicting models for the origin of the MHT (Fig. 1.7) have in part 
resulted because its origin has often been interpreted from the examination of its basement. 
Until flow, no systematic study has been made of the structures 
deforming the MHT itself 
and, most importantly which, if any, are 
synsedimefltary structures. Therefore, in addition to 
the deformation along the basin-margins, structures in the basin-centre were also examined 
in order to determine the stresses active during and after the deposition of the MHT. These 
include both large-scale structures inferred from regional mapping and meso-Scale structures 
(folds, faults and joints) measured in outcrop. In addition, regional and local unconfOrmities 
were examined in order to try and assess the nature of the deformation that produced them. 
The structures are discussed sequentially, moving from a larger- to a smaller-scale and, 
where appropriate, are divided into basin-parallel and transverse structures. 
3.4.1 	
Large-scale basin-parallel structures 
3.4.1.1 	
Symmetrical synclines in the northern MesoHellefliC Trough 
Field relationships: 
North of Morave, two broad synclines of different age share the 
same fold hinge (the Moker and Librazhd synclines; enclosure 2). The Moker syncline is 
symmetrical (Fig. 3.14) and folds rocks of the Pentalofon and Heptahorion Formations, both 
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of which are unconformablY overlain by the Librazhd Formation (Tortoniafl). The Librazhd 
syncline (also symmetrical) folds the Librazhd Formation in the north of the basin. Along both 
margins of the basin, the contact of the MesoHe1Ienic Group with basement is 
unconformab, but the western margin of the LibraZhd Formation is locally faulted, with 
ophiolite 0verthrusting the MHT (Enclosure 2). 
Interpretation 
The Moker syncline formed between the Burdigalian and the Tortonian 
and the Librazhd syncline is postTOrtonian in age. However, as the Librazhd Formation is 
not exposed in Greece, it is not possible to distinguish these two events in the central and 
southern MHT. In the latter areas, similar structures linked to post-depositional compression 
are interpreted as being U. Miocene in age. 
3.4.1.2 	
North-east dipping monoclifle and later folds in the central 
MesoHe1Ien1c Trough 
Field relationships: 
This section considers the area between the Greece-Albania border 
and the southern edge of the Pindos and Vourinos Ophiolites which will be referred to as 
the central segment of the MHT. Its structure differs significantly from the northern and 
southern segments in that it forms a monocline in which the units of the MesoHeIleniC Group 
generally dip at around 15400 NE across most of the width of the basin (Fig. 3.14). 
of the Tsotilliofl Formation onto the Pelagoflian zone indicates that 
Furthermore, the onlap  rinted by footwall 
north-eastward depocentre migration occurred. The monocline is overp  
uplift related to the Korce fault in southern Albania (Fig. 3.19) and no moncUne is discernible 
in the southern segment, due to the 
unconformity at the base of the TsotilUon Formation 
(section MN; Figs. 3.14 and and 3.15). 
A number of folds and faults are superimposed on the monocliflal structure, as illustrated in 
enclosures 2 and 3. In the north of the area, the Damaskiflea syncline folds the Nestorion, 
Damaskinea and TsotilliOn Formations into a broad syncline with dips of 510
0 . East of this 
structure, Savoyat etal. 
(1971) mapped the Simatron fault (enclosure 1) which has a throw in 
the order of 30 m (IFP, 1962). Its outcrop can be traced southwards towards the crest of the 
Neapolis anticline. At their southern extent, the Damaskiflea syncline and Neapolis anticline 
are covered by the undeformed Grevena Formation and cannot be traced across the Klima 
lineament (enclosure 3). North-east of SimatrOfl, an irregular syncline-anticline pair is 
developed (Fig. 3.25). 
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Figure 3.15 
South of the Klima fault, the Taxiardis and Krapa reverse faults upthrow ophiolite and 
Cretaceous limestone in the Krapa Hills, west of the Vourinos ophiolite (enclosure 3). 
Immediately on the downthrown side of the Taxiardis fault, conglomerates of the Tsotillion 
Formation dip at 700.  Towards the north-west, the fault is largely buried beneath the Grevena 
Formation, but along its trend, south-east of Klima, a small anticline occurs in the Tsotillion 
Formation. In the core of this anticline, a small outcrop of Cretaceous limestone basement is 
exposed, onto which the Tsotillion Formation transgressed directly. Near the village of 
Taxiardis, which is directly in line with the Taxiardis fault trace, the Tsotillion Formation/ 
ophiolite contact is conformable, but the contact and overlying sediments dip at 60700 . 
West of the Taxiardis fault, two relatively open, symmetrical folds termed the Amygdalies 
syncline and anticline deform the Pentalofon Formation (enclosure 3). Both are covered 
southwards by the Grevena Formation, and the Amygdalies anticline may be semi-
continuous with the Rizoma/ Fliaka Kerassia anticline further south, although it is not 
encountered clearly along the Venetikos river section, south of Grevena. Furthermore, the 
Amygdalies syncline broadly occurs along the trend of the Kalambaka syncline. Unpublished 
seismic data (see below) and gravity data (IFP, 1962) indicate that the Pentalofon Formation 
is relatively thin in this part of the basin (of the order of 500 m thick) and overlies a positive 
topographic feature in the basement which forms a broadly circular shape with a diameter of 
about 10 km in plan view (IFP, 1962; Fig. 3.14). A few reverse faults with associated 
hangingwall anticlines observed in the Amygdalies area initially suggested that this feature in 
the basement may be the result of post-depositional blind reverse faulting at depth, which 
might also be related to the generation of the Amygdalies folds. However, the seismic data 
suggests that the feature is onlapped by the Pentalofon Formation and hence must have 
formed a significant syn-depositional topographic high during the early development of the 
basin. 
Interpretation: Structural evidence as to the age of formation of the monocline can only 
be obtained from seismic data, as the change in dip of the monoclinal beds in the subsurface 
and particularly their attitude where they onlap basement is critical in answering the question. 
However, the association of the the monocline with north-eastward depocentre migration 
strongly suggests that the former is a syn-Meso-Hellenic Group structure. The precise timing 
of its formation is better constrained by the seismic data (see below). 
In contrast, the large-scale structures superimposed on the monocline are interpreted as 
post-depositional structures, resulting from late Miocene compression. In some cases, there 
appears to be a direct relationship between folding and faulting. For example, the 
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occurrence of the NeapoliS anticline along the trend of the SimatrOfl fault suggests that the 
anticline is fault-controlled at depth. As the Simatron fault is interpreted as a high-angle 
reverse fault, the NeapoliS fold may be an inversion anticline. 
Faulting also appears to control the Vogatsikon anticline and syncline (Fig. 3.25). Syn-
Tsotilliofl Formation deformation resulted in two local unconformities in this area, interpreted 
as the result of faulting at depth, and it appears that these structures were later reactivated. 
Exposure of these structures is variable, but extremely rapid steepening of bedding dips to 
up to 600 
 over a short distance (in an otherwise relatively undeformed area) suggests that the 
folding is fault-related. The faults are most likely to have a reverse sense (at least during their 
post-depositional reactivation) but this and the precise origin of the folds remains conjectural. 
The Taxiardis fault is also interpreted as having generated folds at its north-western and 
south-eastern extent, where it becomes blind. Near TaxiardiS, the fault tip line is interpreted 
as being very close to the surface, as the monoclinal dip of the ophiolite and its sedimentary 
cover is very similar to the structure exposed along the Grevena-Kozani road, where 
basement and cover are separated by the fault itself. In the latter case, the fold appears to be 
a drag fold developed in the hangiflgwall. Near Klima, the anticline is interpreted as an 
inversion structure, discussed further in section 7.2.1.2. 
Constraints from seismic data: 
In 1992, a number of two-dimensional seismic sections 
shot by the Public Petroleum Company of Greece (DEP-EKY) were inspected by the author 
and later sketched from memory, including the southern section in Fig. 3.16. To resolve 
several questions regarding the exact nature of basement onlap, Dr. J.E. Dixon revisited 
DEP-EKY in 1993 and inspected a new seismic section, which is also schematically 
represented in Fig. 3.16. Neither section has been accurately tied into the stratigraphY of the 
basin due to a lack of boreholes, and the topmost 0.5 secondS of two-way travel time is 
missing (for technical reasons) so the sections cannot easily be correlated with the surface 
geology. However, the sections constrain the maximum vertical thickness of the basin as 
being around 2.5 km. The relationship between reflectors within the MHT and basement 
varies in the two sections. In the southern section, a bulge in basement is onlapped by what 
is interpreted by DEP-EKY as the Pentalofon Formation. However, in the northern section, 
the first reflector to clearly onlap basement occurs significantly further towards the north- 
eastern edge of the basin. In this section, the oldest reflectors are approximately parallel to 
basement and are truncated by a horizon interpreted by DEP-EKY as an (?)intraHePtah0fbnl 
Formation reflector. However, its 'exact position is poorly constrained, and no such 
unconformity is visible in the field. Reflectors above the unconformity may onlap it (although 
this is not clear) but clearly onlap the Pelagonian zone further towards the north-east (Fig. 
3.16). 
In the central segment of the basin, the question of how far towards the north-east different 
formations onlap basement (if at all) is extremely important in the interpretation of the basin's 
origin. It seems likely that the onlap observed so far to the south-west in the southern section 
is due to the presence of the anomalous bulge in the basement. The cause of the 
unconformity in the northern section is unclear, but it seems most likely to have resulted from 
the uplift of the Pelagonian zone with the consequent sharp lithological contact at the base 
of the Pentalofon Formation (plate 6.113) and the input of Pelagonian conglomerates. 
Furthermore, the reflectors overlying the unconformity diverge away from the Pelagonian 
margin, suggesting that the MHT had an asymmetric cross-section during the deposition of 
the Pentalofon Formation. This may have been due to the relative uplift of the Pelagonian 
zone during this period. In contrast, during the deposition of the Tsotillion Formation, the 
basin had the opposite sense of asymmetry (section 7.4.1) and north-eastward depocentre 
migration had occurred. The uplift of the Pindos margin and formation of the monocline is 
therefore interpreted as having occurred immediately before the deposition of the Tsotillion 
Formation, during the early Miocene. 
The shift in depocentre and wedging of individual sedimentary packages accounts for the 
large stratigraphic thickness of the basin (up to 5 km), as compared with its vertical thickness 
(2.5 km). Without the unconformity or the lateral thinning of units, the accumulation of a given 
stratigraphic thickness of sediments in a basin only half as deep would require a greater 
degree of basement onlap than that observed in the northern section, and hence onlap 
would have occurred further towards the south-west. 
The extent and exact stratigraphic position of the unconformity can best be constrained by 
further seismic sections, combined if possible with borehole data. The northern section also 
crosses a number of the large transverse normal faults discussed in section 3.4.4.2. These 
cut the whole of the MHT as well as its basement but do not exhibit any thickness changes 
across them, indicating that they are post-depositional structures. 
3.4.1.3 	Basin-parallel structures in the southern Meso-Hellenic 
Trough 
Field relationships: The Rizomal Fliaka Kerassia anticline forms the most important 
structure in the southern segment of the MHT. Its trace forms the axis for several folds, 
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whose development was separated by unconformities. The first may have been the folding 
of the Vassiliki Formation at Rizoma (Figs. 3.17 and 3.18). A clear unconformity is locally 
preserved between the Vassiliki and Heptahorion Formations in this area. However, most of 
the HeptahOriOn Formation sediments have been removed by pre-TsOtilliOfl Formation 
erosion, so it is not clear whether the Rizoma anticline formed before or after the deposition 
of the Heptahorion Formation. The second deformation episode occurred prior to the 
deposition of the Tsotilliofl Formation and resulted in the unconformity of the Tsotillion 
Formation over the HeptahoriOn and Pentalofon Formation at Fliaka Kerassia (enclosure 3; 
Figs 3.17 and 3.18). To generate the observed overstep of the Heptahorion and Pentalofon 
Formations by the TsotilliOn Formation, the first two must have been tilted westward, but it is 
not clear whether they were folded about the axis of the Fliaka KeraSSia anticline, as both 
older formations are buried beneath the Tsotillion Formation or eroded on the eastern limb of 
the structure. The final phase of deformation folded the Heptahorion, Pentalofon and 
TsotilliOfl Formations about the mapped fold axis at Fliaka Kerassia (section MN; Fig. 3.14; 
enclosure 2), and has exposed ophiolite and Cretaceous limestone in the core of the 
structure. This fold is less well-developed further south, in the Rizoma area, where the 
Vassiliki Formation is sub-horizontal above the Rizoma anticline and KhimadiO syncline (Figs. 
3.17 and 3.18). A similar polyphase history may have occurred for the Khimadio and 
palaeOpyrgOS synclines which are directly along-strike from one another (Fig. 3.17). The 
former clearly formed prior to the deposition of the Tsotillion Formation, while the latter gently 
folds the NestoriOfl Formation. 
Several faults cut the relatively thin sequence of MHT sediment in this part of the basin. For 
example, north-east of Theopetra, the Theopetra fault separates Cretaceous limestone from 
the Rizoma Member, yet west of Rizoma separates the Rizoma Member from the 
Heptahorion Formation (Savoyat and Lalechos, 1972; Fig. 3.17). The first phase of 
movement resulted in considerable 
palaeOtOpOgraPhY on the Cretaceous Limestone, east 
of Theopetra during the deposition of the Heptahorion Formation. This limestone outcrop is 
currently 400 m high, whereas the limestone! HeptahoriOfl Formation contact immediately 
south of this is 140 m lower and not apparently separated from the former by a fault. 
A series of sub-vertical NNW-SSE trending faults cut the Vassiliki Formation east of Vassiliki, 
yet do not cut the Heptahorion Formation (Fig. 3.17). They occur exactly along the trace of 
the Theopetra anticline, which folds the Heptahorion, Pentalofon and Tsotillion Formations, 
south-east of Meteora. To the west of these structures, the Kalambaka syncline occurs along 
the western edge of the basin, folding the Heptahorion and Pentalofon Formations. South-
west of Kalambaka, it occurs in the footwall to the basin-bounding fault, but is also present 
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- 	 Cross-sections through the Southern MesO-Hefienic T 
when the fault is absent. It is sub-parallel to the Rizoma! Fliaka Kerassia anticline and similarly 
dies out towards the Venetikos river in the north. 
Interpretation: Many of the described structures have polyphase deformation histories. 
Several faults have clearly been reactivated at different times, with different senses of motion 
and the folds that have continually nucleated along the same fold axes are also interpreted as 
having formed above blind faults with polyphase histories. However, the nature of movement 
on the blind faults, and hence the detailed origin of the faults, is unknown. 
The Rizomal Fliaka Kerassia anticline has had at least two phases of activity and probably 
three, as constrained by the field relationships described above. These were in the late 
Eocene, the Aquitanian and the (?)late Miocene. Similarly, the Khimadio syncline formed 
either in the late Eocene or early Miocene, while the Palaeopyrgos syncline, which shares 
the same fold axis, developed in the (?)late Miocene. 
The different stratigraphic units exposed on either side of the Theopetra fault indicate that 
Cretaceous limestone was upfaulted in the south-western fault-block against the Rizoma 
Member during the late Eocene. In contrast, the Rizoma Member has been upfaulted in the 
north-eastern fault-block against the Heptahorion Formation since the Oligocene. It was 
therefore active firstly in the late Eocene and then subsequently in the opposite sense after 
the Oligocene. Furthermore, the faults which were active east of Vassiliki in the late Eocene 
are interpreted to have been reactivated at depth to form the Theopetra anticline in the late 
Miocene (Fig. 3.17). 
3.4.1.4 	Large-scale longditudinal structures; a summary 
The structure of the central segment of the MHT is dominated by a syn-depositional 
monocline, which has since been deformed by a number of post-depositional folds and 
faults. The latter also deform the northern and southern segments. As most of the structures 
are post-depositional, their age of formation is hard to constrain, except that they are 
younger than the early to middle Miocene and older than the Grevena Formation (Pliocene). 
It seems likely that they are of a similar age to the folding and faulting along the western 
margin of the basin, which is interpreted as having occurred in the late Miocene. In many 
cases there is a demonstrable relationship between folding and faulting and many of the 
folds are interpreted as nucleating above reactivated basement structures. In one case 
polyphase fault movement can be demonstrated. In general, the southern segment of the 
basin is stratigraphically higher than the central segment (so that basement is exposed in the 
centre of the basin and more basement-related faults cut the sediments of the MHT). This is 
because of a lower level of erosion in the southern segment (both immediately before the 
deposition of the Tsotillion Formation and since the deposition of the Nestorion Formation). 
The exposure of lower structural levels in this part of the basin has occurred despite the post-
depositional uplift of the central segment, which is evident from the variation in altitude of the 
basal Ondria Member algal limestone around Mt. Ondria (1300 m) and Trikala (300 m). In 
Albania, the northern segment of the MHT is at a much higher altitude than the southern 
segment, but the level of erosion is similarly fairly low, having removed most of the Tsotillion 
and younger Formations, apart from along Morave. 
3.4.2 	Large-scale transverse structures 
3.4.2.1 	The Korce fault 
Field relationships: The Korce fault occurs immediately south-east of the city of Korce in 
Albania and trends NNE-SSW, almost perpendicular to the trend of the MHT (enclosure 2; 
Fig. 3.19). It uplifts ophiolite across the whole width of the basin, making a strong case for the 
continuity of ophiolitic basement beheath the rest of the MHT and providing a series of well-
exposed sedimentary sections across Morave. Recent movement on the fault is indicated by 
the sequence of Plio-Pleistocene and Quaternary deposits found on the hangingwall, the 
extreme topography still present in the tootwall (altitudes of 1800 m), and recent 
earthquakes in the area. The offset across the fault indicates that it is a WNW dipping normal 
fault. However, Sulstarova (1991) reported some strike-slip motion on the basis of 
earthquake focal mechanisms. Such earthquake activity destroyed the original village of 
Plaza around 1930, which was moved from Morave (on the footwall) to its present position 
north-east of Korce, on the hangingwall (Fig. 3.19). Small outcrops of the Meso-Hellenic 
Group in the immediate hangingwall of the fault lead to an estimate of a maximum throw 
across the fault of around 2.2 km (Fig. 3.20). 
Interpretation: The flexural response of the footwall to the unloading of a hangingwall 
leads to isostatic footwall uplift (a process discussed by Wernicke and Axen, 1988, and Buck, 
1988) and is thought to be the mechanism by which Morave formed. Jackson and McKenzie 
(1983) have examined footwall uplift in a large number of normal faults and from the rare 
cases where a horizontal datum such as sea-level existed (allowing the relative magnitude of 
movement by two blocks to be measured) the elevation of the footwall was about 10% of the 
subsidence of the hangingwall. Along Morave, the amount of uplift generally increases 
towards the fault (in proportion to the load removed in the hangingwall) and has resulted in 
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dips of around 200  towards the ESE across Morave. These dips decrease towards the core of 
the Morave syncline, which forms a topographic low relative to the area of footwall uplift and 
has been covered by Plio-Pleistocene and recent sediments. 
The course of the river Devolli, which flows east of Morave, was almost certainly influenced by 
the uplift of Morave, as the river was forced to flow round it (Fig. 1.1). Morave may have 
exerted a similar control on the river Aliakmon in Greece (Fig. 1.1; enclosure 2). Near its 
source in the north-west corner of the MHT in Greece, the Aliakmon drains the Pindos 
Mountains and starts flowing northwards towards Albania. Around 4 km from the border, it 
changes course and flows sharply east, then changes course again to flow south-east. 
Finally, it flows south of the Vourinos Ophiolite, then flows north-east to drain into the 
Aegean Sea near Thessaloniki. It is hypothesised that prior to the uplift of Morave, the river 
flowed northwards into Albania and may even have drained into the Adriatic Sea. Once 
Morave was uplifted, directing the rivers flow towards the south-east, it began collecting run-
off from the Voion Mountains (which form the spine of the MHT in northern Greece). Its final 
deflection north-eastwards across the Pelagonian zone is also likely to be the result of 
neotectonic movement on the Servia fault (Fig. 3.21), along which the Aliakmon river 
currently flows (Brunn, 1956). 
3.4.2.2 	Faulting to the south-east of Morave 
South-east of Morave, the MHT is cut by a series of transverse faults, many of which have a 
throw of several hundred metres (Figs. 3.19 and 3.20). The majority were recognised by IFP 
(1962) as dividing this part of the basin into a series of structurally higher and lower blocks. 
An exception to this is the Border fault which has remained undescribed until now and which 
is interpreted as running along the Greek-Albanian border, south of Morave. Its presence is 
required to explain the discrepancies in mapping on either side of the border, as to the north 
of the border the Harta Gjeologjike (1982) mapped the Damaskinea Formation, while to the 
south, Plastiras (1979) mapped the Pentalofon and Tsotillion Formation. Furthermore, there 
is a distinct change in strike trend from N-S in Albania to NW-SE in Greece (Figs. 3.19 and 
3.20). The published maps on either side of the fault is largely correct and field relationships 
clearly indicate a significant throw across the fault. This is indicated by the presence of the 
Ondria Member at 1300 m to the south of the fault (Mt. Alevitsa) and the (younger) 
Damaskinea Formation at 1000 m to the north of the fault (Fig. 3.19). 
The stratigraphy of the Koritsa-Mesopotamia area (Plastiras, 1981) is almost totally 
reinterpreted (Fig. 3.19). In contrast with the stratigraphic contacts mapped by Plastiras 
(1991) in the area north of Mesopotamia and Olvon, it is more likely that this area is fault-
bound, as originally perceived by IFP (1962). The age of the sediments exposed in the 
uptaulted block (the Koromilea Member) IS unproven, but they are attributed to the Tsotillion 
Formation (section 7.6). A faulted contact is clearly visible along the western boundary of the 
Koromilea fault-block and can be inferred north of Oivon, although the length and cross-
cutting relationships between these faults is unclear west of Oivon and the throw on the 
Eropigi fault appears to die out towards Eropigi (Fig. 3.19) 
The Akondion fault bounds two blocks of significantly different structural levels, upthroWing 
the Pentalofon Formation against the Damaskinea Formation. It cuts a further fault which 
upthrOWS the Pentalofon Formation against the Tsotillion Formation in the opposite sense, 
resulting in a wedge of almost isolated Pentalofon Formation in map view (IFP, 1962: Savoyat 
and MonOPOIlS, 1971; Fig. 3.20). Although the main part of the Akondion fault passes south 
of AlevitSa, a related splay crops out south of Mesovraki, with a lesser throw of around 100-
150 m. In this area, several large consolidated slump blocks occur in the TsotilliOn Formation 
and it is possible that these are related to 
synsedimeflta faulting, although there are no 
thickness differences or coarse sediments associated with the faults. 
The AliakmOn fault upthrowS the Pentalofon Formation against the Tsotillion Formation at its 
southern end (Fig. 3.19). Near Nestorion, it has acted to channel the Aliakmon river along its 
length and the resultant drift covers the fault in most places. As with many of the above faults, 
t along the fault is unknown, 
the fault-plane IS unexposed and the sense of movemen  
although the component of dip-slip movement can be estimated. However, a river-cutting on 
the east bank of the AliakmOfl river, east of Nestorion, provides evidence for syn-TsotilliOfl 
Formation fault movement. Here, bedding has been clearly rotated prior to the formation of a 
channel with an erosive topography of around 30 m (Plate 7.2A). It is infilled with high 
energy, upper flow regime deposits (Plate 7.213) and testifies to the uplift and rotation of the 
eastern fault-block. 
3.4.2.3 	
The Klima lineament and structures interpreted from satellite 
data 
The Klima lineament (Klima fault of IFP, 1962) trends east-west, south of TsotilliOn and Klima, 
along the course of the River Pramopitea (enclosure 3). Much of the area is therefore 
covered by river alluvium or the Grevefla Formation (Pliocene), which precludes field 
observations. However, even where the TsotilliOn Formation is exposed there is no clear 
evidence for a fault or any stratigraphic offset. The main evidence for a significant structure at 
depth comes from the relative structural levels of the basement to the north and south. While 
to the south of the lineament, ophiolite and Cretaceous limestone crop out up to 10 km 
south-west of the edge of the basin (for example the Krapa Hills and the limestone 
immediately south-east of Klima (enclosure 3), in an equivalent position to the north of the 
lineament, the depth to basement is locally up to 1 km (as encountered in boreholes near 
Neapolis; IFP, 1962). This discrepancy in depth to basement is probably the result of 
faulting, but the nature and timing of the movement remains uncertain. As no offset is 
observed in the Tsotillion Formation, the fault was probably active before this time. Further 
evidence for the lineament comes from the fact that many of the axial structures which are 
otherwise traceable for tens of kilometres cannot be traced across the lineament (enclosure 
3). Reactivation of the Klima lineament may also be responsible for the change in the trend of 
the contact between the Pentalofon and Tsotillion Formations. Throughout most of the 
basin it strikes NW-SE, parallel with the basin itself, but in this area, it trends E-W, parallel to 
the lineament. 
In the area between the Pindos and Vourinos Ophiolites, several transverse structures have 
been mapped using landsat images (Lyberis etal., 1982; Fig. 3.21). These broadly line up 
with both the Servia fault and the contact between imbricated Jurassic limestone and the 
Pindos Flysch/ Pindos Ophiolite, to the west of the MHT. The structure (which manifests 
itself as several parallel, closely-space faults across the MHT) is interpreted by Lyberis et aL 
(1982) as a palaeo-transform fault of Jurassic age. They investigated these structures at 
several localities in the field and interpreted varying states and orientations of stress from the 
orientation of minor faults and slickenside lineations. Within the MHT, they recognised a 
phase of U. Eocene compression, followed by Oligocene extension. These transverse 
structures have been most obviously active during the Plio-Pleistocene, when the Servia 
fault was reactivated (Brunn, 1956), deflecting the Aliakmon river towards the north-east. 
They are also interpreted as having resulted in the development of the PIio-Pleistocene 
Karperon Basin (enclosure 3). Vergely (1984; his Figs. 0.4 and 0.5) also identified a series of 
transverse structures which bound the Vourinos Ophiolite to the north and south. He 
interpreted the outcrop pattern of the ophiolite as the result of (?)Jurassic extension along 
these faults, with the preservation of ophiolite in the graben and its erosion above the horst 
blocks. During the Eocene and possibly later, it is likely that these same structures controlled 
the morphology of the Krania sub-basin (Fig. 3.8), but they do not appear to have been 
important structures during the deposition of the Meso-Hellenic Group. 
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Large-scale transverse structures; a summary 
A variety of transverse structures have been highlighted, mainly in the central segment of the 
basin. Of these, the Korce fault is the most significant and is demonstrably neotectonic. 
The 
other structures immediately south of Morave are largely considered as post-depositional (as 
confirmed by seismic data) but the exact timing of their formation 
IS uncertain. Several 
transverse faults appear to have been active during the deposition of the MHT. 
These 
include the structures bounding the Krania sub-basin to the north and south (which may 
have been active in the late Eocene/ early Oligocene) and may pass beneath the Meso-
Hellenic Group to bound the Vourinos Ophiolite. Further north, indirect evidence suggests 
that the Klima lineament may have been an active structure during the Oligocene 
development of the MHT and the channel south of NestOrion indicates that the AliakmOfl 
fault was active during the deposition of the TsotilliOfl Formation. 
Due to the relatively poor exposure of the faults, no kinematic data is available to assess the 
precise sense of fault motion. However, given the basin's position in the fold-and-thrust
-belt, 
it is most likely that the transverse structures active during the formation of the MHT initially 
formed as tear faults, 
either during ophiolite abduction or subsequent thrusting towards the 
south-West, and have had a polyphase history. 
3.4.3 	
Meso-scale deformation 
Minor (outcrop-scale) faults, slickensides and joints were measured wherever encountered, 
but were rarely found in large numbers. However, they form a far larger population than the 
larger-scale structures described above. Some of the sediments cut by the meso-scale faults 
might therefore be expected to preserve evidence of 
synsedimefltary deformation if the 
faults formed during 
basin formation. The structures were therefore measured and examined 
for evidence of sy
nsedimefltary deformation in order to assess the varying stress regime 
during the development of the MHT. 
3.4.3.1 	Extensional faulting 
The vast majority of faults cutting the Meso-Hellenic Group are demonstrably extensional and 
even when a sense of movement on faults is not clear, slickenSideS usually indicate dip-slip 
motion. Section 3.2.1 showed that an importafl' phase of compressional deformation 
affected the Krania Formation in the late Eocene, prior to the deposition of the Meso- 
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Hellenic Group. However, the NE-SW trending faults deforming the Kipourio Member are all 
extensional. 
A larger population of normal faults can be measured along the Krania-Kipourio road (Fig. 
3.22). Importantly, these cut the Heptahorion Formation, but do not cut the Grevena 
Formation. The measured faults have been sub-divided into a number of smaller data sets 
based on their distribution along the road and then each data set has been divided into 
those faults trending approximately NW-SE and those trending approximately NE-SW. The 
data show that former form 80% of the population (Fig. 3.22). The plot of slickenside 
lineations measured along many of the faults illustrates the dip-slip nature of movement. 
Smaller fault populations are also dominated by extensional faults (Fig. 3.23). Except for the 
faults near Heptahorion, which do not illustrate any clear trend, the majority again illustrate a 
clear NW-SE preferred orientation. Extensional faults are observed cutting all formations of 
the Meso-Hellenic Group except the Damaskinea Formation, and syn-sedimentary normal 
faulting was observed in the Nestorion/ Petropoulakion area. 
One extensional fault (north of Petropoulakion) is associated with slumping that is only 
evident on the downttirown side of the fault. Higher in the section, a sandstone horizon 
forms a half-lens shape in cross-section, thinning away from the fault (plate 3.5C). This 
suggests that at the time of its deposition there was a saucer-shaped depression on the sea-
floor. It is interpreted as due to the fact that the fault was still "blind" at this time, but that the 
strain at the surface due to fault movement and propagation not far below resulted in the 
depression on the sea-floor. The 'fault subsequently cut to the surface and offset the lens of 
sediment. 
Interpretation: Although the fault populations are too small to compute palaeostress 
orientations, the results give important indicators as to the nature of intra-basinal 
deformation. They indicate a change to an extensional stress regime from the compressional 
one that had been active during the late Eocene. The normal faults are older than the 
Grevena Formation (hence are Oligo-Miocene in age) and their predominant NW-SE 
orientation suggests that they formed at an earlier time than the large transverse normal faults 
south-east of Korce (section 3.4.4.2). The age of the latter structures is unconstrained by 
the Grevena Formation, which is not found in that part of the basin, but they are parallel to the 
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However, the precise age of the NW-SE trending normal faults is hard to prove, especially 
with regard to the large-scale compressional U. Miocene structures that also deform the MHT, 
as both are older than the Grevena Formation (Pliocene). Although syn-sedimentary 
extension is observed at several localities in northern Greece (most notably within the 
Nestorion Formation; sections 7.10.6-7.10.8), it is only clearly observed along meso-scale 
structures. No syn-sedimentary normal faults are observed in the vast majority of the Meso-
Hellenic Group (Heptahorion-Tsotillion Formations) so meso-scale normal faulting may only 
have occurred during the latter development of the MHT (? during the Miocene). 
All the faults plotted on stereograms are in their current orientation. As bedding is rarely 
horizontal, the faults may have been rotated away from their original orientation with bedding. 
However, the majority of faults trend NW-SE and are superimposed in the central segment 
on a north-east verging monocline. The reorientation of bedding therefore does not affect 
their strike or the dip-slip nature of the slickensides. When reorientated so that bedding is 
horizontal, the majority of faults still retain a normal sense of motion, but a small number are 
rotated past the vertical to become reverse faults. Despite the theoretical possibility that 
these were originally reverse faults, the fact that almost none of the faults observed in their 
current orientation have a demonstrable reverse sense (apart from those associated with 
larger-scale U. Miocene structures) suggests that they are more likely to be extensional faults 
formed after some bedding tilt. 
3.4.3.2 	Compressional faulting 
Compressional faulting is common within the Krania Formation, but significantly less so in the 
Meso-Hellenic Group. A number of post-depositional, large-scale, high-angle reverse faults 
have been described along the western margin of the MHT and orientated axially within it 
(e.g. the Simatron and Taxiardis faults; enclosure 3). The only place in which populations of 
meso-scale reverse faults were encountered is in association with such larger-scale 
structures (Fig. 3.24; e.g. immediately east of the Taxiardis fault, within the steeply dipping 
units in the footwall). A further example is in the core of the Fliaka Kerassia anticline, where 
the compression is interpreted as occurring below the fold's neutral surface. Both fault sets 
are interpreted as being U. Miocene in age. 
Isolated, meso-scale, compressional faults are rare within the Meso-Hellenic Group, but were 
encountered in the Amygdalies area and along the Venetikos river section, within the 
Tsotillion Formation. Although many of the compressional faults are interpreted as having 
formed at the same time as the axial folds and western margin deformation (in the late 
Miocene), some are demonstrably younger. In the third valley south-east of Dafneron, a high-
angle fault folds sediments of the Tsotillion Formation to a dip of 800  (plate 3.413) and has 
resulted in the deposition of coarse ophiolitic conglomerate of the Grevena Formation in the 
footwall, suggesting syn-Pliocene movement (Faugeres, 1978). A further reverse fault cuts 
the Grevena Formation, south-east of Khromion, with a throw of more than 50 m (Vergely, 
1984). These faults are anomalous, as elsewhere in Greece extension appears to have been 
dominant during this period (e.g. the development of the Ptolemais basin in the Pelagonian 
zone). This minor phase of compression was important in cutting connections between the 
lake which deposited the Grevena Formation along the eastern margin of the MHT during the 
Pliocene and a second lake developed on the Pelagonian zone (Faugeres, 1978). 
3.4.3.3 	Jointing 
Jointing has been demonstrated to be a powerful tool in determining palaeostress patterns 
(e.g. Bevan and Hancock, 1986; Hancock and Bevan, 1987). Regular jointing patterns were 
only observed within the Ondria Member (algal limestone) and the Vassiliki Formation 
(limestone and sandstone), presumably due to their particularly well-lithified and brittle 
nature. East of Rizoma, four joint sets were measured (Fig. 3.24), all of which occur on the 
eastern limb of either the Khimadio or Palaeopyrgos syncline. The latter structures are both 
interpreted as having formed above a common structure within basement. The joint 
orientations are reasonably consistent with one another, as well as having a clear relationship 
with the orientation of bedding. The acute angles between the conjugate joint sets range 
between 450  and 800, and are consistently bisected by the direction of bedding dip. A further 
population of 65 joints was measured in the Ondria limestone, south of Petropoulakion 
(section 7.10.7). This area underwent a complex series of rotations during the deposition of 
the Nestorion and Damaskinea Formation, resulting in two local unconformities, as well as the 
post-depositional development of the Damaskinea syncline. However, all the rotations 
involved folding about an axis trending approximately NW-SE. This direction of dip again 
bisects the acute angle between the conjugate joint sets (section 7.10.7). 
Interpretation: All the joint sets are interpreted as having formed at the same time as the 
larger-scale structures with which they are associated. They are interpreted as sets of 
conjugate shear joints, due to the bisection of the acute angle between the joint sets by the 
dip of the fold limbs of the larger-scale structures. This angle is typically 60 0 or more (McClay, 
1987). The joints therefore provide further evidence for NE-SW orientated compression in 
the late Miocene. 
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3.4.4 	Angular unconformities 
Unconforniities indicate periods when deformation or relative changes in sea-level occur. 
The study of angular unconformities indicates the lateral extent of deformation in the basin or 
along its margins, much of which is intimately linked to the formation and development of the 
basin. The two basin-wide unconformities described below have been described by a 
number of previous authors (e.g. Brunn, 1956). They separate the Basin-margin Group (U. 
Eocene) from the Meso-Hellenic Group (Oligo-Miocene) and the Meso-Hellenic Group! 
Librazhd Formation from the Grevena Formation (Pliocene). However, a number of local 
unconformities are described here for the first time and give an indication of the timing of 
small-scale deformation in the basin (Table 3.1). These are most common in the Tsotillion and 
Nestorion Formations. Further such unconformities may exist in the Pentalofon Formation, 
but with limited outcrop it is sometimes difficult to distinguish between large consolidated 
slumps and local unconformities. 
3.4.4.1 	Meso-Hellenic unconformity 
This basin-wide unconformity separates the five isolated formations of the Basin-margin 
Group from the Meso-Hellenic Group. It is most clearly observed above the Krania Formation, 
both within the Gulf of Krania (Plate 3.1 D) and east of Orliakas, where it is overlain by a coarse 
basal conglomerate. The unconformity is U. Eocene in age, as dated by the U. Eocene age 
of the Upper Sandstone Member of the Krania Formation and the L. Oligocene age of the 
overlying Kipourio Member. The deformation and erosion is the result of U. Eocene 
compression which deformed the Basin-margin Group. The deposits below the unconformity 
are all marine and those immediately above the unconformity include non-, marginal- and 
open-marine deposits. The unconformity is interpreted as having been eroded above sea-
level, although the extent to which the area was uplifted by the U. Eocene deformation is 
unknown. The fact that small U. Eocene outcrops are scattered throughout the area of the 
MHT suggests that, prior to erosion, the Basin-margin Group may have covered a 
considerably larger area than it does now and that the U. Eocene uplift and erosion may have 
been considerable, prior to renewed Oligo-Miocene subsidence. 
3.4.4.2 	Meteora unconformity (top of the Pentalofon Formation) 
This unconformity occurs within the southern segment of the MHT (i.e. between the 
southern tip of the basin and the southern tip of the Pindos and Vourinos Ophiolites). It is 
most clearly observed in the Meteora area (plate 6.9C), where hundreds of metres of erosion 
Unconformity Stratigraphic Geographic Probable 
name location location cause 
Grevena Base Grevena Fm.! Basin-wide Basin-wide uplift 
Top Librazhd Fm. and erosion after 
late Miocene 
Librazhd Base Librazhd Fm.! Northern MHT, Local! regional 
Top Meso-Hellenic Albania compression 
Gp. forming Moker 
syncline 
Alevitsa 
Base Nestorion Fm. Mt. Alevitsa, 
(inferred) and intra- by Greek! Local extensional 
(2 inferred) Nestorion Fm. Albanian border 
deformation, 
Petropoulakion/ Intra-Nestorion Fm. Near Mt. Ondria, 
Dragasia and base Nestorion central MHT, possibly the 
Fm. Greece 
result of block 
Nestorion (2) Base Nestonon Fm. Nestorion 
and intra- area, central rotation. 
Nestorion Fm. MHT  
Fliaka -Kerassia Base Tsotillion Fm. Southern Uplift of S 
segment of Pelagonia/folding 
the MHT on Fl. Kerassia 
anticline 
Sarakina ( ~:6) lntra-Tsotillion Fm. E of Sarakina, Polyphase 
central MHT movement on 
basement fault 
Vogatsikon (2) lntra-Tsotillion Fm. W of Vogastikon Movement on 
central MHT basement fault 
Itea lntra-Tsotillion Fm. N of ltea, (?) Movement on 
central MHT basement fault 
Asproklissia lntra -Tsotillion Fm. E of Asproklissia, Uplift of S 
(top Asproklissia southern MHT Pelagonia/ local 
Member) compressional 
deformation 
Meso-Hellenic Base Meso-Hellenic Basin-wide Basin-wide uplift 
Gp./ top Basin- and erosion in the 
margin Gp. late Eocene/ 
early Oligocene 
Monahiti Base Upper sandstone S of Monahiti, (?)Minor local 
Member (Krania Fm.) Krania sub-basin compression 
Regional and local unconformities within 	 Table 3.1 
the Meso-Hellenic Trough 
removed varying amounts of the Pentalofon and Heptahorion Formations so that the 
(fluviatile) Vlahava Member of the Tsotillion Formation overlies either the Pentalofon, 
Heptahorion, or Vassiliki Formations or Pelagonian basement (Figs. 3.17 and 3.18). The 
Vlahava Member therefore marks a major basinward shift of facies. The deformation of this 
part of the basin resulted in the overstep of the Heptahorion and Pentalofon Formations by 
the Tsotillion Formations west of Fliaka Kerassia (enclosure 3). The unconformity is 
interpreted as the result of a rapid phase of uplift of the Pelagonian zone which resulted in 
the erosion of this part of the MHT in subaerial conditions. 
	
3.4.4.3 	Asproklissia unconformity (intra-Tsotillion Formation) 
This unconformity occurs above the shallow-marine siltstones of the Asproklissia Member 
(enclosure 1) and beneath cross-bedded, fan delta conglomerates interpreted as part of the 
Itea Member. The contact itself is not clearly exposed, but is interpreted as trending N-S, 1.5 
km east of Asproklissia. An unconformity is interpreted because the Asproklissia 
Member dips eastward but the immediately overlying [tea Member dips westward. In addition, 
the Asproklissia Member is absent only 3 km south of Asproklissia (Mavridis and Matangas, 
1979) and has probably been removed by erosion, so that ltea Member conglomerates 
directly overlie Vlahava Member conglomerates. Furthermore, the change in the nature of 
sediments between the two members suggests a phase of uplift and erosion of the 
Pelagonian zone, with a resultant basinward shift in facies 
3.4.4.4 	Sarakina unconformities (intra-TsotiIlion Formation) 
East of Sarakina, the Tsotillion Formation can be divided into six units, separated by local 
unconformities (discussed further in section 7.7.9.3). Along many of the unconformities, 
there are lithological changes; most notably where unit 3 overlies unit 1 with a spectacular 
erosive contact and a change in lithology from siltstone and sandstone to conglomerate 
(section 7.7.9.3). The river-valley coincides with a major lineament interpreted as a fault in the 
ophiolitic basement, identified from both magnetic and gravity data (A. Rassios, pers. 
comm.). The erosion is therefore interpreted as the result of successive periods of 
movement along the fault at depth, which tilted the overlying Tsotillion Formation sediments 
during their deposition. It provides further evidence of the important relationship between 
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3.4.4.5 	Vogatsikon unconformities (intra-Tsotillion Formation) 
3.5 km west of Vogatsikon, two small inliers of Triassic-Jurassic Pelagonian zone limestone 
are surrounded by the Tsotillion Formation. The associated Vogatsikon anticline and 
syncline locally have limb dips of up to 600  and are interpreted as the result of folding above 
one or more basement faults during late Miocene times. South-west of the basement inliers, 
two unconformities occur (the younger of which is only poorly exposed) and can be traced 
for several hundred metres (Fig. 3.25). The older unconformity is well exposed, clearly 
angular (plate 3.4E) and reminiscent of the Nestorion unconformity, described below. This 
comparison is enhanced by the fact that all three units that are separated by the 
unconformities contain several layers of algal limestone similar to the Ondria Member algal 
limestone which overlies the Nestorion unconformity. Although the unconformities are 
clearly intra-Tsotil lion Formation, the unconformities may have a similar origin, as new data 
presented in chapter 2 indicates that the deposition of the Nestorion and Tsotillion 
Formations was at least partially synchronous. 
There is no exposed fault associated with the unconformities, but they are again interpreted 
as the result of basement faulting which tilted the overlying Tsotillion Formation. The same 
structures probably produced the Vogatsikon syncline and anticline in the late Miocene, 
exposing the basement inliers. Further evidence for syn-sedimentary faulting at this time 
comes from a palaeo-cliff exposed west of Vogatsikon (Fig. 3.25) which is interpreted by 
Faugères (1978) as a palaeo-fault-scarp. 
3.4.4.6 	Nestorion, Petropoulakion, Damaskinea and Alevitsa 
unconformities 
An unconformity at the base of the Ondria Member was first described by Brunn (1956), who 
used Nestorion as a type locality and interpreted it in terms of uplift of the Pindos zone and 
subsidence of the Pelagonian zone. The unconformity is recognised at three localities and in 
fact comprises multiple unconformities. In all other localities, the Nestorion Formation 
appears to overlie the Tsotillion Formation conformably and the unconformities are therefore 
interpreted as having a local tectonic control on their development. Due to the close 
association of sedimentation and deformation in these areas, the deformation is discussed in 
detail, with illustrations, in chapter 7. Evidence of syn-sedimentary extension (for example 
active normal faults and sedimentary dykes) indicates that active extension was occurring 
during the development of these unconformities. They are therefore interpreted as the 
result of local block rotation, either resulting from active surficial normal faulting or blind 
faulting at depth. 
	
3.4.4.7 	Librazhd unconformity (basal Librazhd Formation) 
This unconformity is preserved at the north-western end of the MHT. It occurs at the top of 
the Meso-Hellenic Group, which was folded prior to the deposition of the overlying Librazhd 
Formation (Tortonian). Both were then refolded in the (?)late Miocene to form the Librazhd 
syncline (enclosure 2). The Librazhd unconformity is therefore constrained as having formed 
between the Burdigalian and Tortonian and may originally have been more extensive, but it 
has only been preserved in Albania due to the limited outcrop of the Librazhd Formation. 
3.4.4.8 	Grevena unconformity (basal Grevena Formation) 
The second major basinwide unconformity occurs at the base of the Grevena Formation, 
which is largely undeformed by the deformation affecting the Meso-Hellenic Group. The 
basal unconformity forms a planation surface in the Grevena area and along the eastern 
margin of the MHT in general (Fig. 3.15). The deposition of lacustrine sediments along the 
eastern margin of the basin and the preservation of NE-SW trending Grevena Formation 
conglomeratic channels west of Heptahorion attest to the uplift of the Pindos zone, relative 
to the MHT during the late Miocene/ Pliocene and the tilting of the MHT towards the north-
east. This is supported by the identification of an east-dipping planation surface at between 
1800-2200 m in the Pindos Mountains (Brunn, 1956) which is interpreted as being of 
Pliocene age (Faugeres, 1978). However, the MHT probably also underwent uplift at this 
time, as indicated by the presence of the Ondria limestone at altitudes of up to 1300 m. 
3.4.4.9 	Unconformities; a summary 
The two basin-wide unconformities in the MHT occur at the base of the Meso-Hellenic Group 
and at the base of the Grevena Formation. They formed as a consequence of the two main 
periods of basin-wide compression to affect the MHT; in the late Eocene and late Miocene. 
Local unconformities also occur within the Tsotillion and Nestorion Formations. Those in the 
Tsotillion Formation in the southern segment are related to uplift of the Pelagonian zone. 
Other intra-Tsotillion Formation unconformities are clearly developed above active blind 
basement faults, whose precise sense of movement is unknown. The unconformities in the 
Nestorion Formation are related to extension, and possibly to local block rotation. 
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3.5 	 Subsidence and burial history 
Structural relationships within the MHT suggest that the basin underwent an important period 
of inversion in the late Miocene. This can be broadly quantified by observing the degree of 
uplift of the youngest preserved Meso-Hellenic Group sediments deposited in submarine 
conditions. However, this gives no indication of the amount of sediment that might have 
been eroded during inversion. Vitrinite reflectance and illite crystallinity techniques were 
therefore used to try and assess the depth to which sediments currently at the surface have 
been buried, and hence how much erosion has occurred. 
3.5.1 	Vitrinite reflectance 
The measurement of vitrinite reflectance is a technique used to determine the burial history 
of a sample of organic-rich rock (appendix 3). The Arrhenius equation suggests that vitrinite 
reflectance should increase exponentially with temperature and an empirical rule is that an 
increase in temperature of 100  K or a doubling of the time of burial will double the vitrinite 
reflectance (Erdman, 1975). As a result, the exponential of vitrinite reflectance values are 
often plotted against burial depths in order to generate straight-line graphs, the gradient of 
which is proportional to the geothermal gradient. Due to the relationship between time and 
reaction rate, straight line graphs of different gradient can be drawn for kerogens of different 
age (Dow, 1977; Fig. 3.26A) and for the same depth of burial, older kerogens are 
significantly more mature. 
3.5.1.2 	Results and interpretations 
The vitrinite reflectance of twelve samples from varying positions in the MHT have been 
determined (Fig. 3.27). The samples were taken either from transported logs found in 
conglomerate-filled channels or from in situ coals, and most samples give a reasonable 
cluster of results, suggesting that the values are accurate (Fig. A3.1). However, unlike most 
oil industry samples, which are taken from boreholes in which the vertical burial depth is well 
known, all the samples were collected from surface outcrops. Due to north-eastward 
depocentre migration within this part of the basin, it cannot be assumed that the measured 
thickness of younger stratigraphic sediments within the section necessarily formed a vertical 
succession above the sample. It is therefore worthless to plot a graph of log Ro against 
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The fact that Ro values vary between 0.49 and 0.76, despite the fact that all the samples 
were taken from surface outcrops suggests that considerable erosion has occurred. 
Unburied samples typically have an Ro value of around 0.2 (Allen and Allen, 1990) and the 
increase in Ro during burial is proportional to the inferred geothermal gradient. Areas of 
thinned continental crust such as rifts typically have higher than average geothermal 
gradients while areas of overthickened crust such as foreland basins, have lower geothermal 
gradients (Allen and Allen, op. cit.; Middleton, 1982). However, the MHT combines aspects 
of both (it may be associated with late-stage extension, but formed on the site of 
overthickened continental crust due to thrusting) so there is little constraint as to the 
prevailing geothermal gradient during its development. 
Despite the difficulties outlined, a number of qualitative observations can be made from the 
results. The highest Ro values are concentrated in the Heptahorion Formation. Of these, the 
two highest sets of values (sample 4/5 and samples 60/2-3; Fig. 3.27) are similar, and the 
latter were taken from an area that suffered Pleistocene inversion due to footwall uplift 
associated with movement on the Korce fault. They are therefore interpreted as having 
representative Ro values for the basal section of the basin, despite being taken at the 
surface. Lower Ro values for the Heptahorion Formation to the south of the basin centre 
(e.g. Ro=0.59; sample 1817; Fig. 3.27) may reflect the 'canoe-shaped" nature of the basin 
(ie. decreasing sediment thickness away from the basin centre). 
The sample from the base of the Krania Formation (15/4; Fig. 3.27) has the same Ro value 
(0.55) as that of the sample from the overlying Kipourio Member of the Heptahorion 
Formation. This is surprising given the longer burial time of the Krania Formation and its 
probable greater depth of burial. The relatively low Ro value may indicate that the Gulf of 
Krania (which is indented from the western margin of the MHT elsewhere) was not a major 
depocentre after the deposition of the Kipourio Member, and hence that the Pentalofon and 
Tsotillion Formations did not extend to form a thick section as far west as Krania. However, 
the coal sample was taken from one of the smaller logs sampled, and the relatively low value 
may be the result of syn-sedimentary weathering of the sample. 
Ro values for the Pentalofon Formation in the centre of the basin in Greece and Albania 
respectively are 0.49 and 0.58. These fit well as relative values, compared with those 
measured at the base of the sections (0.67 and 0.72 respectively). From their U. Oligocene/ 
L. Miocene age, a theoretical minimum depth of burial can be calculated from the graph of 
depth versus vitrinite reflectance and is in the order of 3300 m (Fig. 3.26). This assumes a 
normal geothermal gradient and that the overburden was only removed relatively recently. If, 
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for example, the overburden had been removed relatively soon after its deposition, the 
shorter period of burial would imply an even greater depth of burial in order to reach the same 
Ro value. In the Greek part of the basin, the sample was taken around 2600 m from the top of 
the stratigraphic section, but because of depocentre migration not all of this thickness would 
necessarily have overlain the sample directly. This implies that considerable erosion must 
have occurred and indicates an important phase of uplift and erosion in the basin. 
3.5.2 	lllite crystallinity 
lllite crystallinity is another technique used to assess the burial history of sedimentary or very 
low-grade metamorphic rocks (preferably mudstones or shales). It is based on the 
temperature-dependent transformation of smectite to illite and then the increasing 
crystallinity of illite with temperature, as measured by X-ray diffraction. The technique requires 
the separation of authigenic illite (formed in situ from smectite and used for the analysis) from 
detrital illite (appendix 4). 
Results and interpretations: lllite crystallinity studies were attempted on a series of test 
samples taken along a transect between Heptahorion and Tsotillion, prior to the vitrinite 
reflectance study outlined above. The results are plotted in Fig. 3.2613 as Hb (rel) against 
metres above basement, measured from the stratigraphic thickness exposed. Hb (rel) is 
inversely proportional to metamorphic grade (Fig. 3.26; appendix 4). As explained above, 
depocentre migration means that the stratigraphic thickness is greater than it would be in any 
given vertical section. The Hb (rel) values are all considerably lower than would be expected 
from the burial implied by the vitrinite reflectance values (ie. imply a far greater depth of 
burial). This suggests that despite the attempted separation of the finest (<2lim) fraction for 
x-ray diffraction, the crystals examined were still detrital rather than authigenic, which is 
probably because no (or very few) authigenic illite crystals had formed. This is consistent with 
the burial depths inferred from the vitrinite reflectance studies. A broad trend of decreasing 
illite crystallinity with burial depth is apparent, which is exactly the opposite of the trend that 
would be expected from increasing depth of burial during basin subsidence and infilling. 
Given the interpretation that the measured illite crystals are in fact detrital, this trend may 
reflect the unroofing of the Pelagonian zone, from which they were probably sourced. 
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3.6 	 Conclusions 
A detailed examination of both meso- and macro-scale structures within the MHT allows the 
determination of the structural history of the basin. Most importantly, the age of structures 
deforming the basin can be relatively well constrained due to the known age of the 
sediments they deform. They therefore provide a more reliable set of data for the 
interpretation of the basins origin than poorly dated structures observed solely within the 
basement to the basin. 
The northern margin of the Krania sub-basin consists of a sub-vertical fault which probably 
underwent dextral strike-slip motion, resulting in the folding of the Krania Formation from a 
NW-SE trend to a NE-SW trend near the fault. This fault may have formed the syn-
depositional basin margin until the deposition of the Monahiti Member, which was deposited 
north of the fault. North of this, Orliakas was uplifted during the Priabonian along steep, 
south-west verging reverse faults and shed limestone and ophiolite-rich olistostromes 
southwards into the Krania sub-basin (Faugeres, 1978). The western margin of the sub-
basin consists of a blind, high-angle, east-verging reverse fault which folded the Krania 
Formation sediments to the sub-vertical. Formation of all of these structures occurred during 
late Eocene times. 
The southern margin of the Gulf of Krania consists of two fault systems. The more westerly of 
these is an U. Eocene reverse fault and the more easterly comprises a series of faults 
interpreted as a sinistral strike-slip fault-zone. The latter has been active since the L. 
Oligocene, but may also have been active during the Eocene. It occurs along the line of a 
lineament recognised on landsat images by Lyberis et al. (1982) which may also control the 
southern margin of the Vourinos Ophiolite. The majority of compressional deformation which 
affects the Krania Formation does not affect the Meso-Hellenic Group and the two are 
separated by a basin-wide unconformity. 
The monocline in the central segment of the MHT largely formed at the same time as the 
deposition of the Meso-Hellenic Group, due to the uplift of the south-western margin of the 
basin in the (?)early Miocene. This resulted in migration of the depocentre towards the north-
east. Meso-scale extensional faults cut the monocline, but are older than the Grevena 
Formation. The faults may have formed towards the latter part of the development of the MHT 
(? L.-M. Miocene), as suggested by syn-sedimentary extensional structures which formed 
during the deposition of the Nestorion Formation in northern Greece. Local unconformities 
in the Tsotillion Formation developed both due to regional uplift of the southern Pelagonian 
zone and to movement at depth on basement faults. Unconformities in the Nestorion 
Formation are related to syn-sedimentary extension. 
The whole of the basin was deformed in the late Miocene by a series of post-depositional 
axial folds and faults that resulted from regional compression. These structures are also older 
than the Grevena Formation, but there is no direct evidence as to their age relative to the 
populations of meso-scale normal faults observed in the basin. Many of the folds were 
controlled by faults at depth, which often appear to have had a poly-phase history. Rare 
populations of joints found near Petropoulakion and in the Trikala area are interpreted as 
shear joints related to this folding. Faulting and folding along the south-western margin of 
remainder of the MHT in Greece is also interpreted as having occurred in the late Miocene. 
The deformation is interpreted as due to a steep north-east verging reverse fault at depth, 
and may have resulted in the uplift of the Pindos Mountains relative to the MHT at this time. 
However, it is not observed in Albania, where the western margin of the basin is a gently 
folded unconformity. The deformation along this south-western margin is a later event than 
the folding which produced the basin-wide monocline in the central segment of the MHT. 
Post-depositional deformation has resulted in the southern segment of the MHT exposing a 
higher structural segment than the central segment, despite the fact that the central 
segment has been uplifted significantly more than the southern segment. Samples analysed 
for vitrinite reflectance suggest that the U. Miocene uplift resulted in significant erosion, 
which probably occurred prior to the deposition of the Grevena formation in the Pliocene. - 
Morave was uplifted by neotectonic footwall uplift and affected the course of the Devolli and 
Aliakmon rivers. The timing and precise sense of motion on other transverse structures 
south of this is unknown, but the Klima and Aliakmon faults were active during the deposition 
of parts of the Meso-Hellenic Group. It is most likely that the transverse normal faults to the 
south-east of Morave are also relatively young structures, but their age is poorly constrained, 
as the Grevena Formation is not found in this area. 
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Chapter 4: The Basin-margin Group 
4.1 	 Introduction 
The Basin-margin Group was examined, in order to ascertain the nature of sedimentation 
during the earliest development of the Meso-Hellenic Trough (MHT), prior to the deposition 
of the Meso-Hellenic Group. The M.-U. Eocene rocks observed have been divided into five 
geographically separate formations, most of which have already been described in the 
literature, although part of the newly-named Bitincke Formation was previously interpreted as 
part of the Tsotillion Formation. Furthermore, the units from the base of Morave interpreted 
by Bourcart (1922, his p.  75) as being U. Eocene in age have since been reinterpreted as 
being . L. Oligocene and part of the Meso-Hellenic Group (Pashko, pers. comm.). The 
position of the different formations is illustrated in Figure 4.1. 
4.2 	 The Krania Formation 
4.2.1 	Previous work 
The sediments cropping out in the Gulf of Krania were first recognised as being Eocene in 
age by Brunn (1956) and subsequently examined in more detail by IFP (1962) who dated the 
sediments as being Eocene to L. Oligocene in age. Desprairies (1977) and Faugeres (1978) 
further dated the sequence, carried out granulometric and clay mineralogy studies and 
interpreted the tectono-stratigraphy of the area. More recently, Koumantakis and Matarangas 
(1980) published a 1:50 000 scale geological map of the area and Wilson (1993) published a 
further interpretation of the tectono-stratigraphy of the area, on which this section is based. 
The formal stratigraphy used here (chapter 2) largely follows that outlined in Wilson (1993), 
which is based on the initial work of Desprairies (1977) and Faugeres (1978), with minor 
revisions. The sedimentary evolution of the Krania sub-basin is described in the following 
sections. Its interpretation is largely based on a study of the northern half of the Krania sub-
basin (Fig. 4.2) due to the poorer exposure of the southern half. 
4.2.2 	The Petra-Tripimeni Member 
Field relationships: The Petra-Tripimeni Member crops out along the western margn of 
the Krania sub-basin and is best exposed in the holostratotype, 2 km south-west of 
Mikrolivado, along the Tripimeni river-section (Fig. 4.2). It dips eastward due to late Eocene 
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folding and blind faulting along the western margin of the basin. A further section was 
examined west of Krania (Fig. 4.2), but the deformation in this section is more complicated 
(Figs. 3.2 and 3.3). In both sections, the basal contact is interpreted as being 
unconformable. Although the Petra-Tripimeni Member passes conformably upwards into the 
Mikrolivado Member along the road 1 km to the north-west of Krania, the Mikrolivado Member 
also directly onlaps ophiolite and 15-20 m of Petra-Tripimeni breccia, to the west of the village 
(Fig. 4.2). This breccia and the NW-SE trending Krania structure terminate abruptly towards 
the complete section, exposed along the Milea-Krania road. The Petra-Tripimeni Member 
can be divided into two separate successions in the holostratotype and to a lesser extent in 
the Krania section. The lower section consists of ophiolitic breccia and the upper section 
consists predominantly of thinly interbedded siltstones and sandstones (Fig. 4.3). 
4.2.2.1 	Lower Petra-Tripimeni Member lithological description 
In the holostratotype, the 20 m of sediment above the basal contact with the underlying 
ophiolite comprise clast-supported conglomerate consisting of well-rounded clasts of 
ophiolite (50%) and white, crystalline Cretaceous limestone (50%) in a poorly-sorted matrix of 
green muddy sandstone. Clasts average 2 cm but reach a maximum of 15 cm in diameter and 
are disorganised and poorly-bedded. The basal conglomerate is overlain by a sequence 
almost 600 m thick of ophiolitic breccia, which is coarsely-bedded and steeply-dipping, so 
that the more resistant beds form prominent ridges parallel to strike (plate 3.1A). Blocks of 
ophiolite more than 6 m in diameter are found within the basal 200 m and are up to 2 m in 
diameter throughout the Petra-Tripimeni breccias, although a broad decrease in clast-size is 
apparent. All clasts are highly angular and typically cemented by a serpentinitic matrix. 
Up-section, the clast petrology reflects the inverse stratigraphy of the ophiolite, due to its 
progressive unroofing (Parrot, 1969), with Cretaceous limestone and serpentinite prevalent 
towards the base of the section and gabbroic material dominant in the upper part of the 
breccias. At the contact with the upper part of the member, coarse-grained breccia passes up 
into ophiolitic micro-conglomerate, medium-grained sandstone and finally thinly-bedded 
green siltstone and sandstone over a few metres. Within fifty metres above this contact, 
three further 1 m ophiolitic breccia horizons occur, associated with soft sediment slumping 
and load structures in the surrounding siltstones. No further breccia is found above this 
horizon. The whole succession is cut by a series of reverse faults with throws between 0.5 
and 2.5 m. 
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In the Krania section (Fig. 4.4), the ophiolite is overlain by a red, clay-rich palaeosol which 
dips at 300  and contains individual gabbroic minerals. Due to the high clay content, it is 
commonly slumped and thus hard to observe in situ. It may be a relatively recent soil, but its 
dip suggests that it is conformable with the rest of the sequence. Modern landslips along the 
road hide part of the basal section, but further red, clay-rich beds are exposed, along with a 
well-bedded, red, lateritic breccia containing clasts up to 30 cm in diameter. Part of this 
section may correspond to the sédiméntation de base of Desprairies (1977). 
About 300 m above the base of section (based on dips where apparent) there is a change 
from the predominantly red colour of the underlying deposits to green, and the sudden 
appearance of abundant unoxidised organic material, forming almost peaty layers. The 
sediments are better bedded (typically 20-50 cm thick), better sorted and the grains/ clasts 
are more rounded. Siltstone, sandstone and conglomerate are all interbedded. One 
siltstone horizon contains abundant lignite fragments, including a piece of coal 20 cm long. 
This sequence passes sharply up into more coarse-grained ophiolitic breccia, which is 
faulted against 100 m of upthrown ophiolite (Figs. 4.4, 3.2 and 3.3). The section overlying 
this is interpreted as the approximate lateral equivalent of the basal sequence described 
above, as it onlaps the Pindos Ophiolite directly (Figs. 4.4 and 3.3). It consists of two units of 
clast-supported conglomerate interbedded with further coarse-grained breccia containing 
ophiolitic clasts up to 20 cm in diameter and smaller, less common, well-rounded clasts of 
limestone. The upper conglomerate unit is 15 m thick and consists of two fining upward 
sequences with isolated clasts up to 20-50 cm in diameter at the base. In detail, the 
conglomerate is interbedded with lenses of sandstone and micro-conglomerate but, despite 
their coarse grain-size, these units are rarely erosive. Individual beds are poorly sorted, 
exhibit no internal clast orientation and are typically sheet-like. The sandstone beds are rarely 
cross-bedded. The second fining-upwards sequence grades into siltstones and sandstones 
which form the upper part of the member. 
The distinctive Petra-Tripimeni breccias are also clearly exposed along the western margin of 
the sub-basin in the south (Fig. 3.5). West of Platanista, the breccia includes blocks up to 10 
m in diameter, interbedded with clast-supported conglomerates. North of the village, 
ophiolitic breccia commonly contains blocks up to 1.5 m in diameter. 
4.2.2.2 	Upper. Petra-Tripimeni Member lithological description 
The upper part of the holostratotype (Fig. 3.4) is around 400 m thick and consists 
predominantly of thin-bedded (0.4-5 cm thick) fine, medium- and coarse-grained sandstones. 
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and interbedded 10-40 cm sections of fissile siltstone (although Desprairies (1977) 
described sandstone beds up to 2.5 m thick). The sandstone layers are often slightly 
erosive, commonly pass up into parallel laminations at the top of the bed, and in the case of 
some of the thicker horizons, exhibit graded bedding. Some contain iron stains on the top 
surface which are interpreted as the result of the oxidation of organic material lining vertical 
burrows. Small detrital fragments of lignite are common (Desprairies, 1977) and the base of 
some sandstone horizons contain the imprints of meandering trace-fossils up to 30 cm long 
(plate 4.1A), asymmetrical ripple-marks and rare groove/prod marks. A single in situ 2 c thick 
fine-grained sandstone layer contains small asymmetrical recumbant folds which all verge 
towards 0600 and are onlapped by the overlying siltstone. No macro-fossils are currently 
exposed in this section, but Desprairies (1977) reported a layer of black marls containing thin-
shelled gastropods, bivalves and Lutetian nummulites. These may be of similar origin to a 
fauna found to the west of the Krania sub-basin, within the Pindos Mountains (section 4.2.6). 
At the top of the holostratotype (about 1000 m above the base of the section; Fig. 4.3), 
several chaotic conglomeratic matrix-supported horizons contain numerous olistoliths 
(predominantly of Cretaceous limestone but also of ophiolite), one of which (limestone) is 15 
m in diameter. The matrix is poorly sorted sandstone and the clasts are sub-rounded. It forms 
a topographic ridge immediately west of Mikrolivado (Fig. 3.4), but cannot be mapped 
towards the south. Immediately beneath these horizons, several erosive, graded, coarse-
grained sandstones and micro-conglomerates contain clasts of both ophiolite and 
Cretaceous limestone. 
Along the Milea-Krania road section, the fining-upward sequence at the top of the underlying 
sequence (at around 600 m in Fig. 4.4) grades from conglomerate into finely laminated 
siltstone which is intercalated with occasional sandstone layers up to 0.5 m thick. The 
lithology of the sediments remains consistent as far as Krania, where at about 1100 m in Fig. 
4.4 (but only 750 m above the base of the section, due to the interpreted fault repetition), 
the siltstones onlap the Krania structure directly. The ophiolite here is overlain by 15-20 m of 
breccia which is similar to the basal breccias and consists of angular clasts of ophiolite with up 
to 20% of smaller, well-rounded limestone clasts. Faugeres (1978) mapped the catastrophic 
mass-flow horizons described from the top of the holostratotype (Fig. 3.4) as being 
continuous along strike with these breccias. However, it proved impossible to trace them 
south of the holostratotype. In the continuous section north-west of Krania they clearly do 
not form part of the sequence. Despite this, the conglomerate and breccia are taken to mark 
the top of the Petra-Tripimeni Member in the holostratotype and Krania road section 
respectively (Figs. 4.3 and 4.4). 
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Composite log through the Kranià Formation along the 
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4.2.2.3 	Interpretation of the Petra-Tripimeni Member 
The breccias within the Petra-Tripimeni Member vary greatly in thickness along the western 
margin of the basin, but appear to be semi-continuous. Their thickness and coarse grain-size 
in the holostratotype clearly indicates rapid subsidence and virtually no transport of the 
ophiolitic clasts. The breccias are interpreted as having formed at the foot of an active fault, 
whose movement during this period resulted in the initial subsidence of the Krania sub-basin 
during the (?)M. Eocene (Wilson, 1993). The sediments of the Petra-Tripimeni Member 
straddle the boundary between the M. and U. Eocene, and possibly extend down into the 
Lutetian (Desprairies, 1977; Faugeres, 1978). In the holostratotype, the disorganised and 
poorly-bedded nature of the basal conglomerates indicate rapid, high energy deposition. 
West of Krania, where the breccias are thinner, the basal palaeosol and overlying red 
conglomerates and breccias suggest continental conditions and an oxidising environment. 
The sharp colour change from red to green in this section suggests a rapid increase in the 
amount of preserved organic material and is interpreted as the result of an increase in the rate 
of deposition, possibly associated with marine transgression which did not allow sufficient 
time for the oxidation of organic material. Wood fragments up to 20 cm long indicate a local 
terrestrial source, which from the additional evidence of the local clast provenance was clearly 
the Pindos zone Conglomerates in the Krania section, which fine upwards and consist of a 
series of high-energy sheet-flow deposits containing isolated clasts up to 50 cm in diameter, 
are interpreted as proximal fan delta lobes. The poorly-defined transition from non-marine to 
marine deposits in this section is consistent with deposition in a fan delta environment (Miall, 
1984). 
The fining upward of the second fan delta lobe from conglomerate to thin-bedded siltstone 
and sandstone in the Krania section is interpreted as representing sedimentation in more 
distal fan-delta toe-sets. Input of sandstone into the siltstone-dominated system may have 
occurred during periods of particularly high rainfall in the catchment area and/or slope failure 
on the more proximal parts of the fan. In the holostratotype, the relatively sharp change from 
ophiolitic breccia to thin-bedded siltstones appear to reflect the cessation of active faulting in 
the area. Meandering trace-fossils in the overlying section are similar to those of the Nereites 
trace-fossil association of Seilacher (1978), but appear to be rather more burrow-like than the 
characteristic Nereites surticial grazing-trace. The presence of a molluscan assemblage 
(Desprairies, 1977) also suggests that water was not deep enough for the true Nereites 
assemblage, which is associated with deep-water, bathyal deposition. Observed ripples are 
cuspate and appear to have been the result of interference between two current-generated 
ripple-sets. The siltstone bed containing asymmetrical (but non-transported) folds, is 
interpreted as an incipient slump, pointing to a palaeoslope sloping at least locally towards 
0600. The measured groove and prod-marks in this section are too few (n=8; Fig. 4.6) and 
too inconsistent to interpret in detail, but appear to indicate more than one source direction 
for the sandstone beds. The latter illustrate many of the classic features of low-density 
turbidites (Mutti, 1992), but given the possibility of relatively shallow water-depths within the 
basin, may be storm generated. 
The olistolith-bearing horizons at the top of the holostratotype are clearly the result of 
transport by cohesive debris-flows and the size of the olistoliths involved may indicate a 
tectonic trigger mechanism such as syn-sedimentary faulting. However, the direction from 
which they were sourced is uncertain. Although Faugeres (1978) correlated them with the 
breccias at the base of the section at Krania, the latter are far more similar to the basal Petra-
Tripimeni breccias. It is therefore possible that the basal breccias at Krania were deposited on 
the exposed ophiolite at the same time as the Petra-Tripimeni basal breccias and then 
uplifted due to an early phase of blind faulting, so that they formed a relative topographic 
high prior to the onlap of the overlying Mikrolivado Member. Whether the uplift of the 
ophiolite west of Krania was contemporaneous with the deposition of the breccias at the 
base of the Petra-Tripimeni Member or the olistolithic layers at the top of Petra-Tripimeni 
Member, the precise nature of the unconformity above the breccias at Krania is unclear, due 
to the poorly developed bedding in the breccia. Whichever is the case, this structure was 
reactivated in the U. Eocene (section 3.2.1.2) to produce the vertical dips observed today. 
4.2.3 	The Mikrolivado Member 
Field relationships: The Mikrolivado Member is continuous with the underlying Petra-
Tripimeni Member both in the holostratotype and along the Milea-Krania road (Fig. 4.2), but 
immediately west of Krania, it onlaps breccias of the Petra-Tripimeni Member directly. In the 
north-west of the Krania sub-basin, the interbedded siltstones and sandstones that are in 
fault-contact with the Pindos ophiolite (Figs. 4.2, 3.4 and 3.5) are interpreted to be from the 
basal part of the Mikrolivado Member, although this is uncertain, as the olistolithic mass-flow 
deposits which mark the top of the Petra-Tripimeni Member are not exposed in this area. 
Faugeres (1978) reported that the Mikrolivado Member progressively transgressed onto the 
ophiolite in the north of the Krania sub-basin, but the author only observed a fault contact 




4.2.3.1 	Lithological description 
The Mikrolivado Member is lithologically very similar to the upper part of the Petra-Tripimeni 
Member, with which it is usually continuous. East of Krania, the Mikrolivado Member consists 
predominantly of laminated siltstone with occasional interbedded sandstone and 
conglomerate. The sandstone beds are typically 10-30 cm thick, medium- to coarse-grained 
and occasionally graded. They contain wood fragments up to 8 cm long and commonly 
exhibit cross-laminations at the tops of the beds. At least eight, predominantly conglomeratic 
rudite horizons were observed (up to 1 m thick).Clasts of well-rounded white micritic 
Cretaceous limestone and more angular ophiolite are found in the conglomerate and are 
usually matrix-supported in sandstone or siltstone. Siltstone clasts deformed during 
transport are also present in the conglomerate. A single 4 m bed of ophiolitic breccia is 
similarly matrix-supported and contains both ophiolite and siltstone clasts up to 30 cm long. 
Within one sandstone bed, transported striate nummulites were observed. 
Above the Petra-Tripimeni Member holostratotype (Fig. 3.4), exposure is poor, and figure 
4.3 is continued along the Mikrolivado-Monahiti road (Fig. 4.2). This part of the section is well-
exposed in two river-cuttings, north-east of Mikrolivado (plate 4.1 D) and is lithologically similar 
to the Krania section holostratotype. However, it contains a higher percentage of coarse-
grained sandstone beds which commonly fine upwards from micro-conglomerate as well as 
one 8 m bed of matrix-supported conglomerate which contains a 6-7 m olistolith of ophiolite 
(plate 4.1B). In agreement with IFP (1962), this section is also thicker than the holostratotype 
(approximately 900 m compared with 700 m; see Figs. 4.3 and 4.4), but my interpreted 
boundaries of the member must be different to those of Desprairies (1977) and Faugeres 
(1978) who described a much smaller thickness for their "Krania Mans". In the southern 
Krania sub-basin, the siltstones exposed south of Platanista (Fig. 3.5) are interpreted as part 
of the same member and in one outcrop, a 1 m chaotic slump (with no determinable sense of 
motion) and asymmetrical current-ripples were observed. 
4.2.3.2 	Interpretation of the Mikrolivado Member 
As noted above, the sediments are very similar to those forming the top of the Petra-
Tripimeni Member. Transported organic material is still common and more importantly, some 
of the background shales are rich in organic debris (Desprainies, 1977), indicating deposition 
close to land. The presence of rare slumps and more common matrix supported cohesive 
debris-flow conglomerates, interbedded with sandstone beds exhibiting the typical features 
of low-density turbidites can be typical of a deeper-water slope environment. However, no 
clear shelf-slope transition is apparent in the Krania sub-basin. The Mikrolivado Member may 
therefore also be interpreted as having been deposited in a shallower (but still probably 
below storm wave-base) offshore marine environment in which sediment was fed directly into 
the depositional system by fan deltas situated near the basin margin(s). 
The turbiditic sandstones and conglomerates both become more proximal and thicken to the 
north (Wilson, 1993), suggesting increased subsidence and rapid sedimentation along this 
margin. Despite the quiescent nature of the sediments in the Mikrolivado Member, their 
significant thickness and the interbedded olistolithic mass-flow deposit in the northern 
section suggest that subsidence may still have been fault-controlled in the Priabonian. IFP 
(1962) considered that the similar nature of the deposits in the Pindos Basin and Krania sub-
basin at this time may indicate that the two basins were joined above the submerged Pindos 
Mountains, but there is no direct evidence for this. The relationship between the present 
area of outcrop and the original basin remains unknown. 
4.2.4 	The Monahiti Member 
Field relationships: The Monahiti Member occurs both within the northern part of the 
Krania sub-basin (Fig. 4.2) and to the south-west of Orliakas (Faugeres, 1978; Fig. 4.5). In 
the latter area, it onlaps the Cretaceous limestone to the south of Spileo and forms a broad 
syncline (Fig. 3.10). Further outcrops of the Monahiti Member occur east of Orliakas, where 
they also onlap Cretaceous limestone and are uncontormably overlain by the Heptahorion 
Formation. The area around Orliakas is deformed by numerous sub-vertical faults, some of 
which were active during the deposition of the Monahiti Member. 
The Monatiiti Member in the northern Krania sub-basin also onlaps a series of limestone 
pinnacles near Monahiti (Fig. 4.2). The present-day relative topography between the lowest 
and highest exposures of the limestone inhiers is 299 m (960 m to 1259 m), but when the 
bedding dip of about 30 0 SE over 600 m is removed, their apparent palaeotopography is 
reduced to zero. 
4.2.4.1 	Proximal facies associations (Orliakas area) 
The stratigraphy of the Orliakas area is complicated by later tectonics, but the basal 
succession is clearly conglomeratic, cropping out immediately north-west of the Spileo gorge 
where it onlaps the Orliakas Cretaceous limestone (Fig. 3.9; plate 4.213). Clasts are well-
rounded, usually clast-supported and have a poorly-cemented, coarse-grained sandstone 
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matrix, containing occasional shelly fragments. Sorting is moderate within each bed, but 
bedding is defined by a clear fluctuation in grain-size. Clasts in the coarser layers reach 40 cm 
in diameter and one limestone block is 1 m long, but more typical clast diameters are 2-4 cm. 
The conglomerate dips at 400  towards the south-west and onlaps the limestone towards the 
east, so that at least 50 m higher in the sequence, both conglomerate and siltstone occur on 
top of the ridge, immediately south of Spileo (Fig. 3.9). At the foot of the Spileo gorge, 
conglomerates also onlap what appears to be a detached block of limestone. 
A section interpreted as being stratigraphically higher in the sequence is exposed along the 
south-western margin of the Monahiti Member outlier, north of the Venetikos river (Fig. 3.9). 
Although a precise sedimentary log cannot be constructed through it, as it is highly 
disrupted by faulting, a wide variety of sediments are exposed. The sequence consists of 
interbedded siltstone, sandstone, breccia and conglomerate, with wide variations in bedding 
thickness which is generally proportional to grain-size. Siltstone and fine-grained sandstones 
are interbedded on a scale of 2-3 mm in some sections, while interbedded coarse sandstone 
and micro-conglomerate beds vary from a few cm to 80 cm in thickness and are commonly 
graded. Sandstone beds commonly contain detrital organic fragments up to 2 cm long as well 
as striate nummulites and are occasionally cross-bedded. Conglomeratic beds are up to 5 m 
thick, contain varying proportions of Cretaceous limestone and ophiolite clasts and are both 
clast- and matrix-supported, typically in a coarse sandstone matrix. A series of chaotic 
limestone breccio-conglomerate layers contain disorganised clasts up to 1.2 m in diameter in 
a clay-rich matrix. Several 1 m thick ophiolitic breccia layers occur and one is 4 m thick 
(containing a block 2.5 m in diameter and numerous siltstone rip-up clasts). Thin-bedded 
siltstones and fine-grained sandstones are found between the coarser horizons. One 
siltstone layer contains a 30 cm lens of lignite. Bedding throughout this sequence is tabular 
and laterally continuous, with little channelisation. Approximately 1.2 km north-east of this 
area, at the foot of the two faults that bound the Orliakas ridge, north-west of Spileo, a single 
4 m limestone olistolith occurs in a vertically dipping bed that laterally contains limestone 
clasts up to 50 cm in diameter and is onlapped by the succeeding beds (plate 4.2A). Further 
limestone olistoliths (up to 3 m in diameter) occur in the isolated outcrop of Monahiti Member 
conglomerates which onlaps the inliers of Cretaceous limestone, east of Spileo (Fig. 3.9). 
4.2.4.2 	Distal facies associations (the Krania sub-basin) 
In the Krania sub-basin, the Monahiti Member is exposed along both the Mikrolivado- 
Monahiti and Krania-Kipourio road-sections (Fig. 4.2). In the former, a section about 30-40 m 
thick consists of several matrix-supported conglomeratic beds 2-4 m thick (the exact number 
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is unclear due to faulting). Limestone clasts are more common than those of ophiolite in the 
majority of beds and are typically up to 40 cm in diameter. However, in one horizon of 
predominantly ophiolitic clasts, ophiolitic blocks are up to 1.5 m in diameter (plate 4.2E). The 
limestone infers are overlain by a limestone breccia and, near the southernmost inlier, a semi-
authochthonous block of limestone is passively onlapped by successive horizons (plate 
4.1E). In the Krania-Kipourio section, the equivalent sequence is around 15 m thick and 
consists of six conglomeratic, matrix-supported beds. The largest is 4 m thick, but the 
remainder are more typically 1 m thick (plate 4.21D). Clasts are consistently dominated by 
Cretaceous limestone (65%) and maximum clast-size is 30 cm. The microfauna is almost 
totally reworked from older units (Desprairies, 1977). 
4.2.4.3 	Interpretation of the Monahiti Member 
Throughout the Monahiti Member to the south-west of Orliakas and on the small Cretaceous 
inlier east of Spileo, limestone blocks are common and mostly composed of white, crystalline 
(sometimes coral-rich) Cretaceous limestone, or more rarely of ophiolite. They occur both in 
matrix-supported, cohesive debris-flow deposits and in conglomerates/ breccias which are 
clearly locally derived and indicate the importance of active faulting in this area. One 
particularly good example is the 4 m olistolith at the foot of the fault scarp, 1 km north-west of 
Spileo (Fig. 4.5), which occurs in a bed which has since been rotated to the vertical. The 
olistolithis far thicker in thickness than any of the beds which onlap it, but appears to 
correlate with one of the onlapping layers which contains sub-angular limestone clasts up to 
50 cm in diameter. It is clearly sourced from the fault-scarp 150 m to the north-east and 
movement on this and other faults is interpreted as having triggered the olistostromes/ 
debris-flow deposits within the Monahiti Member in the Krania sub-basin. The 'limestone 
clasts are not common in the underlying Mikrolivado Member, yet dominate the Monahiti 
Member. Furthermore, the Monahiti Member onlaps the Orliakas limestone directly, without 
any of the older Krania Formation deposits beneath. This suggests that the active tectonics 
which characterised the deposition of the Monahiti Member also resulted in the formation of 
the Orliakas ridge (Faugères, 1978). 
The conglomerates at the base of the Monahiti Member south-west of Orliakas contain 
broken shelly material in the sandy matrix and were clearly deposited in a high-energy, sub-
marine environment, probably not far from the shoreface. However, within this context, the 
energy of individual depositional events varied to deposit beds of different grain-size and 
there appears to have been little wave reworking of clasts. They are interpreted as fan delta 
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deposits which developed close to an active fault-scarp and provided the larger clasts (up to 
1 m across in this sequence). 
The deposits interpreted as being higher in the sequence exhibit a wider range of 
sedimentary facies. Many of the coarser horizons (coarse sandstones, breccias and 
conglomerates) are either graded or matrix-supported mass flow deposits and are interpreted 
as having been deposited during catastrophic depositional events resulting either from fault 
movement or oversteepening of the fan delta. The large amount of vegetable detritus in the 
sandstones and the lignite lens observed interbedded in the siltstones indicate the proximity 
of land. However, the finely laminated siltstones and sandstones indicates lower energy 
conditions during the deposition of background sedimentation in this sequence. This is 
interpreted as reflecting a deeper-water environment than that in which the underlying 
conglomerates were deposited. 
Within the Krania sub-basin, the size of the largest clastl olistolith, the mean clast size and the 
thickness of the Monahiti Member all decrease southwards. This is consistent with its having 
been sourced from the uplifting Orliakas ridge to the north (Faugéres, 1978). All the 
conglomeratic horizons are mass flow deposits and are mostly dominated by Cretaceous 
coralline limestone clasts. Compared with the sediments south-west of Orliakas, they 
represent an even more distal environment and both angular breccias and clast-supported 
conglomerates similar to those described from the inner fan are absent. No evidence exists 
for their depth of deposition, but the deposition of the conglomerates is also interpreted as 
having been triggered by failure on the upper slopes of fan deltas to the north. These 
deposits cannot be traced south of the Krania-Kipourio road (Fig. 4.2), mainly due to poor 
exposure. 
The pinnacles in the northern Krania sub-basin are interpreted not to have been a major 
source of limestone for the Krania sub-basin and to have had a relatively subdued 
topography during the Priabonian. However, their associated scree breccia and the isolated, 
locally-derived limestone block interbedded with sandstones and siltstones (plate 4.1E) 
indicate that they did have some topography. 
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4.2.5 	The Upper Sandstone Member 
4.2.5.1 	Field relationships and lithological description 
The Upper Sandstone Member is exposed along two main sections; the first between 
Monahiti and the Krania-Kipourio road and the second along the Krania-Kipourio road itself 
(Fig. 4.2). It has been redated as being Priabonian in age (section 2.4.1.1, cf. IFP, 1962) and 
is unconformably overlain by the Heptahorion Formation which is L. Oligocene in age, tightly 
constraining the timing of the deformation which generated the unconformity. IFP (1962) 
also identified a minor unconformity at its base, but this is only exposed at one outcrop above 
the Mikrolivado-Monahiti road and in most places the contact with the underlying Monahiti 
Member appears conformable. 
Near Monahiti, the base of the Upper Sandstone Member is marked by an escarpment of 
25m of coarse quartz- and mica-rich sandstone in 50-200 cm beds. They are moderately well-
sorted and homogeneous, with no evidence of grading. East of the ridge, immediately to the 
south of Monahiti, a further outcrop of apparently in situ limestone occurs, interbedded with 
chert (Fig. 3.7). A breccia containing angular blocks of limestone up to 1 m in diameter occurs 
at its foot. The remainder of this section is highly deformed by folding and faulting and only 
small sections of continuous sediment are exposed. There is an overall up-section decrease 
in grain-size and bed thickness compared to the sediments exposed in the basal ridge, and 
thin-bedded (1-2 cm) siltstones and fine- to medium-grained sandstones are prevalent. Many 
of these beds are overturned and some contain prod- or flute-marks on their bases. 
Faugéres (1978) stated that both Cretaceous limestone and conglomerates are absent from 
this member, but this is clearly not the case. Two resistant ridges (possibly the along-strike 
equivalent of one another) are composed of up to 3 m of limestone breccio-conglomerate 
and several thinner, clast-supported conglomerate beds contain micritic Cretaceous 
limestone. A bed of matrix-supported limestone conglomerate associated with one of the 
resistant ridges is 5 m thick and contains a 1.2 m olistolith of consolidated limestone breccia. 
A single west-verging slump was also observed in this section (plate 4.2C). 
The section along the Krania road is dominated at its base by interbedded sandstones (20-
50 cm) and siltstones. The sandstone beds are commonly graded and many contain groove 
and prod-marks on their bases. Two breccio-conglomeratic beds 0.5 m thick are interbedded 
with the sandstones and consist of 90% Cretaceous limestone and 10% ophiolite. tip-
section, there is again a reduction in grain-size and siltstone becomes increasingly common 
at the expense of sandstone, which becomes progressively thinner-bedded. 
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4.2.5.2 	Interpretation of the Upper Sandstone Member 
The coarse-grained, relatively massive sandstones at the base of the sequence near 
Monahiti, show no evidence of deposition from traction currents and are interpreted as 
having been deposited in stable near-shore conditions. In contrast, the sandstones at the 
base of the Upper Sandstone Member along the Krania road are interbedded with siltstones 
and clearly deposited from traction (possibly turbidity) currents, although the depth of 
deposition is unclear. The latter are therefore interpreted as being more distal than the 
former (Wilson, 1993). Prod-marks and grooves in the southern section indicate that 
palaeocurrents flowed in a NW-SE orientation and three flute casts suggest that this was 
towards the south-east, which is consistent with the proximal-distal trend described above 
(Fig. 4.5). However, the source of the abundant quartz and mica within these deposits is 
problematic. By the Priabonian, it is likely that the Pindos Flysch was almost totally overthrust 
by the Pindos Ophiolite thrust-sheet (Desprairies, 1977), hence it was unlikely to have been 
a major source of quartz or mica. The only other likely source is then the Pelagonian zone, 
but this is inconsistent with the proposed palaeocurrents. Further work is therefore needed 
to elucidate the provenance of these sandstones, 
The prod-marks and grooves measured in the northern section are interpreted as being 
younger than those discussed above and indicate a different palaeocurrent trend (Fig. 4.2). 
This may indicate a regional change in source during the deposition of the upper part of the 
member, but is more likely to indicate a complex palaeogeography throughout the 
deposition of the whole member. The exposure of the in situ limestone and chert with 
associated scree breccia indicates that the limestone formed a palaeo-topographic high. It 
may have been the source of limestone throughout the deposition of the Upper Sandstone 
Member, as Orliakas was probably largely covered by the Mikrolivado Member at this time. 
The existence of further limestone breccio-conglomerate beds which must have been locally 
derived may indicate that more of these existed further the south. Such a series of 
topographic highs and lows is also consistent with the formation of the observed olistolith-
bearing, mass-flow deposit and the west-verging slump.The overall fining-upwards trend 
reflects a decrease in depositional energy with time, but the cause is unclear. It is uncertain 
whether subsidence was still fault-related during this period and how much of the overlying 
sequence was eroded, prior to the deposition of the Heptahorion Formation. 
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4.2.6 	Krania Formation outliers in the Pindos Mountains 
4.2.6.1 	Field relationships and lithologicat description 
Outliers of a variety of clastic sediments occur within the Pindos Mountains, between about 
1.3 and 2.5 km along the road north-west of Mikrolivado (Fig. 4.2). Further outcrop is 
exposed along a now disused and grassed-over track which branches off the main road 
along this section. The outcrops occur as fault-slices on top of the Pindos Ophiolite and 
comprise tens if not hundreds of metres of stratigraphic section, although the sediment dips 
are often unclear due to the nature of the deposits. The bulk of the sequence is matrix-
supported and consists of clasts of ophiolite and white micritic (?Cretaceous) limestone, the 
latter being dominant, in a green siltstone matrix. Pods of siltstone up to 4 m long are 
interbedded in the matrix, which contains a variety of fragile, broken gastropods, bivalves and 
lignite. Other outcrops of matrix-supported conglomerate contain clasts of calcareous 
sandstone containing micro-fossils including Discocycline sp., Fabiania sp. and Nummulites 
sp, (confirming an Eocene age, at least for the clast; plate 4.3A-C). Also interbedded are 
olistoliths up to 10 m in diameter which consist of well-rounded and well-cemented clast-
supported conglomerate. A further isolated outcrop consists of extremely mature, shelly, 
medium-grained, quartz-rich sandstone. 
4.2.6.2 	Interpretation of the Krania Formation outliers 
The outliers are interpreted as a succession of high-energy debris-flow deposits which were 
deposited directly on the obducted Pindos Ophiolite. All microfossils are Eocene in age and 
the deposits are interpreted as part of the Krania Formation. The fact that the outcrops are 
fault-bounded and occur in isolation in the Pindos Mountains supports the theory that the 
the Pindos Mountains were uplifted relative to the main area of the Krania sub-basin during 
either the late Eocene, the late Miocene or both. 
From their lithology, the sediments are either likely to be part of the Petra-Tripimeni Member 
or the Monahiti Member. The fragile molluscs in the matrix are similar to descriptions by 
Desprairies (1977) of the Petra-Tripimeni Member holostratotype, which is the only location 
in which in situ macrofossils have been described from the Krania sub-basin. They could 
therefore correlate with the thick mass-flow horizon at the top of the holostratotype, although 
the mass-flow deposits in the Pindos Mountains are much thicker. Their lithologies are also 
similar to those from the Monahiti Member and their onlap directly onto the Pindos Ophiolite 
is consistent with the onlap of Cretaceous limestone by the Monahiti Member at Orliakas. The 
provenance of the limestone and ophiolitic clasts is also consistent with a south-western 
margin provenance. 
4.2.7 	The sedimentary evolution of the Krania sub-basin; 
a summary 
The Krania sub-basin was deposited on the Pindos Ophiolite thrust-sheets during the 
middle to late Eocene, as they were thrust piggy-back over the Pindos Flysch. Initial 
subsidence and deposition in the basin was marked by the deposition of the Petra-Tripimeni 
breccias which are interpreted as having formed at the foot of an active fault-scarp (Wilson, 
1993), but there is no direct evidence as to the nature of the fault. During the deposition of 
the upper half of the Petra-Tripimeni Member and the Mikrolivado Member, palaeo-water-
depths are interpreted as having increased from around sea-level to below storm wave-base 
and the large thickness of sediment suggests that subsidence may still have been fault-
related. This faulting is interpreted as having triggered the two large olistolithic mass-flow 
deposits in the north of the basin at the top of the Petra-Tripimeni Member and the base of 
the Mikrolivado Member. An increase in sediment thickness towards the north may indicate 
that an active (possibly strike-slip) fault was active along this margin. 
The deposition of the mass-flow dominated Monahiti Member was a direct consequence of 
the uplift of Orliakas, which it directly onlaps (Faugeres, 1978). Large limestone blocks occur 
in close proximity to fault-scarps in the area behind Orliakas and fan delta deposits become 
more distal up-sequence and southwards. An apparent N-S, proximal-distal trend is also 
preserved within the Upper Sandstone Member, although a more complex palaeogeography 
is apparent during this period . Throughout the Krania Formation, conglomerates and 
olistoliths are composed of either Cretaceous limestone or ophiolite and appear to be 
derived from the western margin. However, quartz forms a major constituent of the siltstones 
and sandstones through much of the sequence. This may have been sourced from either 
the erosion of earlier clastic deposits such as the Pindos Flysch or from the Pelagonian zone. 
IFP (1962) identified a small area of Sub-Pelagonian Flysch exposed 6 km west of Vassiliki in 
Thessalie (Fig. 3.17), which they dated as Yprisian- L. Lutetian. This was therefore laid down 
before the deposition of either the Krania Formation or the Vassiliki Formation. It indicates 
that an important period of uplift and erosion occurred during the early Lutetian, prior to the 
deposition of the Basin-margin Group and the overthrusting of the Pindos Flysch by the 
Pindos Ophiolite (Bizon et al., 1968). The erosion of this Sub-Pelagonian Flysch may 
therefore have supplied some of the quartz for the deposition of the Krania Formation. Bizon 
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et al. (op. cit.) considered that the Krania and Vassiliki Formations were deposited in an 
extension of the sea which transgressed eastward again after the Lutetian uplift (i.e. covered 
the Pindos and Sub-Pelagonian zones completely). This is supported by the discovery of an 
increasing number of small marine outcrops of probable U. Eocene age on the Pindos 
Ophiolite (A. Rassios, pers. comm) which may indicate that there was also a marine 
connection to the south-west of the MHT at some time during the Priabonian. However, the 
presence of locally sourced organic material in several sections of the Krania Formation 
suggests the proximity of at least some land in the Pindos Mountains. 
4.2.8 	Flysch or Molasse? 
The deformation affecting the Krania sub-basin has already been described in chapter 3 and 
underlines the problems inherent in attempting a classification of sediments within orogenic 
belts in terms of flysch and molasse. This is particularly difficult for the Pindos Flysch and the 
Krania Formation which are the same age, at least in part. The former was deposited in the 
Pindos Basin (a trench/ foreland basin setting near the thrust-front; Lorsong, 1979) and the 
latter in the Krania sub-basin (on the back of the advancing Pindos Ophiolite thrust-sheet; 
Mercier, 1968; Wilson, 1993; Fig. 8.8). They can therefore be respectively classified as an 
external (foreland) basin and an internal (intermontane) basin, following Allen et aL (1967) 
and Miall (1978). Previous distinctions between flysch and molasse have tended to 
concentrate either on lithofacies assemblage (e.g. Mitchell and Reading, 1978) or on the 
timing of deposition with regard to orogenesis (e.g. Aubouin, 1965). However, as 
emphasised by Miall (1984a), orogeny is typically diachronous (well illustrated in the 
Hellenides) and although the Krania Formation formed behind the main locus of active 
thrusting, its, deposition was still intimately associated with active deformation. Moreover, 
turbiditic sediments are found in both the Pindos Flysch and Krania Formation, in both cases 
with little constraint on palaeowater-depths, rendering a lithofacies distinction between the 
two impossible, as concluded by Brunn and Desprairies (1965). Any distinction between 
flysch and molasse in the Pindos and Krania basins therefore seems meaningless. 
4.3 	 The Vassiliki Formation 
4.3.1 	 Previous work 
The Vassiliki Formation was recognised as being of Eocene age as early as the last century 
by Philippson (1897) but in the later work of Brunn (1956) and Aubouin (1959) it was 
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considered to be Oligocene. Its Eocene age was reconfirmed by the palaeontological work 
of Bizon et aL (1968) who correlated it with the sediments of similar age in the Krania 
Formation. Further palaeontological work was carried out by Soliman and Zygojannis (1979a, 
1980) who broadly confirmed the earlier dates of Bizon etal. (1968), differing only in the 
exact location of the transition in the sequence from the M. to the U. Eocene (see section 
2.4.2.1 for more details). 
4.3.2 	Field relationships 
The Vassiliki Formation crops out in the southern MHT, east of Kalambaka (Fig. 3.19). It 
onlaps both Pelagonian metamorphic basement (in the east) and ophiolite (near Vassiliki) 
and is itself overlain directly by the Heptahorion, Tsotillion and Nestorion Formations, above 
the Meso-Hellenic and Fliaka-Kerassia unconformities (Figs 3.17 and 3.18; Table 3.1). Its 
outcrop pattern is dictated by the NW-SE trending Khimadio syncline and to a lesser extent 
the Rizoma anticline. These expose the Khimadio Member in small outcrops at the edge of 
the syncline limbs, near the villages of Vassiliki, Khimadio and Lagkadia (Fig. 4.6), while the 
Rizoma Member has a much larger area of outcrop in the core of the syncline. Although IFP 
(1962) and Bizon et al. (1968) also described limestone of the Khimadio Member as 
overlying ophiolite and Cretaceous limestone in the exposed core of the Fliaka-Kerassia 
anticline (Figs. 2.5 and 3.15 or enclosure 3) only Cretaceous limestone was observed in this 
area. 
Field relationships are relatively straightforward at Khimadio, where the section is 
undeformed by faults and forms a gently dipping sequence through both the Khimadio and 
Rizoma Member (Fig. 4.6). At Lagkadia, further south, the Khimadio Member is exposed 
through a window in the Nestorion Formation that is the result of both faulting and erosion. At 
Vassiliki, the sequence is complicated by several sub-vertical faults (Fig. 4.6). The basal 
limestone/ breccial conglomerate onlaps the ophiolite directly and is upfaulted against fault-
slices of both ophiolite and Cretaceous limestone. At the north-east edge of the exposure 
(near Ag. Nikolaos church; Fig. 4.6), faulting has upthrown 200 m of vertically-dipping 
siltstones of the overlying Rizoma Member, which are vertical and young towards the north-
east (Bizon etal., 1968). The Rizoma Member is further exposed at Rizoma, where 40 m of 
sandstone passes up into 350 m of correlative siltstones to those at Ag. Nikoiaos church. 
Although Soliman and Zygojannis (1979a, 1980) described an unconformity between the 
limestone and siltstone of the Khimadio Member, all contacts appear to be conformable. 
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4.3.3 	The Khimadio Member 
Lithological description: The Khimadio Member is relatively varied in both its lithology 
and thickness. At Vassiliki, it consists of a series of conglomerates, breccias, marty 
limestones and limestones which pass up into well-laminated siltstone. The exact 
relationship between the different facies are not discernible due to faulting, but the 
sequence is estimated to be up to 50 m thick. In its eastern outcrops (at Khimadio and 
Lagkadia) the thickness of the lower Khimadio Member varies from 10 m at Khimadio to at 
least 80 m at Lagkadia and comprises limestone and limestone/ conglomerate at the two 
localities respectively. 
The basal transgressive horizons at Vassiliki are dominated by conglomerate and breccia 
(Fig. 4.6). The conglomerate is clast-supported, polygenetic (with clasts of micritic limestone, 
ophiolite and sandstone) and relatively poorly-sorted with a siltstone/ fine-grained sandstone 
matrix. Coarser beds have a mean clast diameter of 2 cm (maximum 10 cm) and are up to 60 
cm thick. Ophiolitic breccias with angular clasts up to 10 cm in diameter are interbedded with 
poorly sorted medium- to coarse-grained sandstone. Up-section, the conglomerates and 
breccias become interbedded with pink, calcareous mans and indurated limestone. The 
conglomerates become finer, more gravelly and develop a red sandy matrix, although the 
conglomerates exposed at the top of the Vassiliki ridge (interpreted as being higher in the 
section, above or interbedded with the limestones) are much better sorted, with well-
developed clast orientation parallel to bedding and a significant component of metamorphic 
clasts (plate 4.30). 
The limestone contains a wide variety of clastic detritus, forming a virtually continuous 
spectrum between soft, pink, calcareous marls lower in the section and extremely well-
indurated crystalline limestone. The latter forms apparently structureless, massive beds up to 
1 m thick, but in places these contain interbedded horizons of conglomerate , suggesting 
that much of the internal structure of the limestone has been lost due to recrystallisation 
(plate 4.3E). The limestone is rich in large benthic foraminifera, including a wide variety of 
Nummulites, Discocyclina, Operculina and Alveoline (Bizon et al., 1968; Soliman and 
Zygojannis, 1979a and 1980). At Khimadio, a rich fauna of macro-fossils was also observed, 
including corals, in situ bivalves and encrusting bryozoa. 
The transition from the above facies to siltstone is sharp, both at Vassiliki and Khimadio. The 
siltstones are micaceous, well-laminated and monotonous, containing a fauna of corals, 
bivalves and pelagic foraminifera (Bizon etal., 1968; Soliman and Zygojannis, 1979a, 1980) 
and IFP (1962; Fig. 4.6) report olistoliths within this horizon at Vassiliki. 
	
4.3.4 	The Rizoma Member 
Lithological description: The base of the Rizoma Member at Khimadio and Rizoma is 
marked by 30-40 m of relatively homogeneous sandstone. It is medium- to coarse-grained, 
quartz- and mica-rich and contains few bedding structures. It passes up sharply into the 
overlying siltstone sequence. This consists of thinly-interbedded laminated, micaceous, 
monotonous siltstones and fine sandstones (350 m). Some of the latter exhibit grading and 
three grooves were observed on the base of beds trending around 130/ 310 0 . These are 
probably far more abundant, but the sandstone beds are relatively soft and their bases are 
rarely exposed. This section contains a fauna of pelagic foraminifera of U. Eocene age (Bizon 
etal., 1968). 
4.3.5 	Sedimentary interpretation of the Vassiliki Formation 
The textural immaturity of the basal conglomerates and breccias comprising the Khimadio 
Member at Vassiliki suggests relatively rapid deposition in a high-energy environment. Clast 
provenance indicates a relatively local source as ophiolite forms the basement and the 
sandstone component is interpreted as having been sourced from the local erosion of the 
Sub-Pelagonian Flysch. The angular limestone and ophiolitic breccias clearly have not been 
transported far. The lack of marine fossils in this basal section, along with the red matrix of 
some of the conglomerates may indicate sub-aerial deposition, and it is interpreted as either 
an alluvial fan or fan delta deposit. 
The limestones higher in the succession were deposited in shallow, open marine conditions. 
Soliman and Zygojannis (1979a) identified four different limestone microfacies which they 
interpreted in terms of varying water agitation (from very agitated to still conditions). At 
Vassiliki, the transitional pink, calcareous marls may have formed in protected lagoonal 
conditions, prior to full transgression. Higher in the Khimadio Member at Vassiliki, the well-
sorted conglomerates have a clear Pelagonian zone provenance and are also interpreted as 
being fan delta deposits whose sorting and clast orientation may indicate reworking by wave 
action (Bourgeois and Leithold, 1984). The sharp change to the overlying siltstones 
probably reflects an increase in water-depth (as suggested by the fauna which includes 
abundant planktonic foraminifera), although the presence of corals and bivalves indicates a 
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relatively proximal open-marine environment. The occurrence of olistoliths at Vassiliki (IFP, 
1962) may indicate that the faults which cut this succession were active during deposition. 
The sandstones at the base of the Rizoma Member are largely featureless and difficult to 
interpret in terms both of mode of deposition and palaeobathymetry. However, they are 
similar to the sandstones at the base of the Upper Sandstone Member (Krania Formation), 
near Monahiti. These are interpreted to have formed in relatively stable, gently subsiding 
near-shore conditions. The abundance of quartz and mica suggests it was derived from 
erosion of the Pelagonian zone and the transition to the overlying siltstones and fine-grained 
sandstones is interpreted as representing an increase in the depth of deposition, as 
suggested by the fauna of purely planktonic foraminifera. The sandstone horizons in this 
succession were deposited from traction currents, but it is uncertain whether these were true 
low-density turbidity currents or the distal product of fan deltas, as was interpreted for the 
Mikrolivado Member of the Krania Formation. 
Overall, the Vassiliki Member can be correlated temporally and lithologically with the Krania 
Formation to the north-west (IFP, 1962). The Lutetian Khimadio Member (and possibly the 
sandstone at the base of the Rizoma Member) is interpreted as a transgressive, basal 
succession, as is the Petra-Tripimeni Member of the Krania Formation. Similarly, the U. 
Eocene Rizoma Member siltstones are the same age and interpreted as having formed in a 
similar environment to the Mikrolivado Member. It is therefore likely that deposition was 
continuous between these two areas. As discussed above, what is more contentious is 
whether the sea spread eastwards over the Pindos Mountains, following the L.-M. Lutetian 
unconformity which eroded most of the Sub-Pelagonian Flysch (Bizon et al., 1968) or 
whether the sub-marine depocentre in the area of the MHT was separated from the sub-
marine depocentres further to the south-west by a largely emergent Pindos zone. This 
problem could be solved by the dating and examination of small pockets of sediment 
increasingly encountered on the Pindos Ophiolite (A. Rassios, pers. comm.) which may 
represent marine Basin-margin Group facies. However, if further research suggests that the 
western edge of the Pindos Ophiolite was wholly emergent during the Priabonian, problems 
arise as to the source of the large volume of quartz in the Pindos Flysch. A possible source is 
the erosion of earlier flysch deposits, but this would be difficult to distinguish from a 




4.4 	 The Bitincke Formation 
4.4.1 	Previous work and field relationships 
The Albanian part of the Bitincke Formation was discovered to be Eocene in age by Pashko 
(1975). It is mapped as such on the Hat-ta Gjeologjike (1982), but the correlative section was 
mapped by Plastiras (1990) as being of Aquitanian-Burdigalian age in northern Greece. No 
mention of the U. Eocene in this part of Greece/ Albania exists elsewhere in the literature. 
The formation extends in a 12 km long NW-SE trending strip across the Greek! Albanian 
border (Fig. 3.19; enclosure 2). Along most of its outcrop it directly onlaps the Pelagonian 
zone, overlying ophiolite and Triassic-Jurassic limestone. However, 4 km north of Eropigi 
(Fig. 3.19), outcrops of the formation occur both at the top and bottom of a steep cliff of 
Jurassic limestone, which may be a normal fault escarpment. In Albania, east of Bitincke (at 
the base of the holostratotype), the base of the section covers a 10-15 m weathered cap to 
the ophiolite, within which iron and nickel have been concentrated and are mined. Similar 
deposits occur east of the village of Eropigi, in Greece. 
In the area 1.5 km SSW of Eropigi (Fig. 3.19), key outcrops are exposed which clarify the 
stratigraphic relationships between different units in this part of the basin. Here, Plastiras 
(1981) mapped his Tsotillion Formation conglomerates (which are reinterpreted as part of the 
Bitincke Formation) as overlying poorly lithified sandstones of the Tsotilliort Formation. 
However, in this area the Tsotillion Formation sandstones (which contain abundant leaf 
debris) onlap the conglomerates and have a significantly different dip from them. 
Furthermore, the sandstones are far less well lithified than the Bitincke Formation 
conglomerates. The Tsotillion Formation is therefore interpreted as overlying the Bitincke 
Formation above an angular unconformity. 
Along the road between Eropigi and Kristalopigi, three small outcrops of algal limestone are 
exposed (2-4.5 km north of Eropigi; Fig. 3.19). They are all flat-lying and overlie the Bitincke 
conglomerates, but conglomerate is never exposed overlying them. Due to the poor relief 
on the outcrop and lack of bedding in the conglomerates, the nature of the contact between 
the two lithological units is unclear. The limestone contains rare oysters and corals, as well as 
Miogypsina sp., confirming that it is Miocene in age. It is therefore interpreted as part of the 
Tsotillion or Nestorion Formation which is only locally preserved unconformably overlying the 
Bitincke Formation. The relationship between the limestone and the Tsotillion Formation 
leaf-bearing sandstones is unknown. 
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4.4.2 	Lithotogical description. 
Immediately overlying the weathered ophiolitic cap in the holostratotype (Fig. 4.7), a 
restricted fauna of molluscs including Cerithium sp occurs, overlain by lagoonal muds. 
Several beds of well-sorted conglomerate, formed predominantly of clasts of white 
Cretaceous limestone and some ophiolite (mean clast-size, 2 cm) in a well-sorted red fine-
grained sandstone matrix are then overlain by 25 m of further fossil-free micritic limestone. 
This passes into silty limestones containing abundant cross-laminations (often indicating 
bimodal currents) and climbing ripples (plate 4.41D). Less common symmetrical ripples were 
also observed (plate 4.4A). One less clastic limestone bed contains a possible stromatolite 
(plate 4.4C)) and palm-leaf imprints are reported from this part of the section (Pashko, pers. 
comm.). Rare feeding traces occur parallel to bedding and a single load structure was 
observed. 
Within a 1 m section of well-bedded calcareous sandstones, there is evidence of syn-
sedimentary deformation. Locally, several parallel listric normal faults rotate segments of 
calcareous sandstone to a dip of around 200  and the fault displacement is taken up along a 
basal decollement surface. Further along the outcrop in the same layer, small-scale thrusting 
was observed. Both structures are overlain by further undeformed calcareous sandstone, 
indicating that syn-sedimentary extension and compression occurred at the same time, in the 
same horizon. 
In the overlying succession, further conglomerate horizons are interbedded with limestone 
for 70 m before the sequence becomes purely conglomeratic. Around 70 m above the base 
of the sequence, a further restricted fauna of gastropods occurs, followed by an increasing 
variety of macro- and micro-fossils. These includes the foraminifera Orbitolites complanatus, 
Nummulites perforatus, N. lucas! and Discocyclina pratti and the molluscs Cerithium 
johannae, Campanile vicetinum, Cardium gratum, C/a vilithes festari and Vermetus spirulaeum 
which indicate a Lutetian age for this part of the section (Pashko, 1975). The topmost 150 m 
of the section consists of monotonous conglomerates, similar to those described below, and 
were not examined in detail. 
The section in Greece is lithologically identical to much of the holostratotype, consisting 
predominantly of well-lithified conglomerate, but no fauna was found so it is interpreted as 
being Eocene in age by association with the holostratotype. Beds within the conglomerate 
are typically up to 1 m thick and clasts are sub-rounded to sub-anglular (plate 4.413), usually 
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moderately well sorted, well cemented and have a mean clast-size of around 1-2 cm 
(maximum, 25 cm). However, south of Eropigi, several 1 m limestone and limestone 
conglomerate clasts occur in a finer-grained conglomerate matrix. Clasts are predominantly 
composed of various cream/ white, micritic or fossiliferous Pelagonian zone limestones, with 
occasional metamorphic or ophiolitic clasts. 
In the section onlapping the ophiolite, east of Eropigi, the conglomerate is interbedded with 
rare, thin beds of homogeneous micrite containing leaf imprints, laminated micrite, limestone 
breccia with a red calcite matrix, and calcareous sandstone. Within the laminated layers, 
several highly deformed laminae occur, with small-scale soft-sedimentary recumbent folds. 
The conglomerate itself commonly has a red clay-rich matrix and is less well-cemented than 
most of the conglomerates further north. One ochre, clay-rich horizon may be a palaeosol. 
Although no single section exists through the Greek exposures perpendicular to strike, the 
section is interpreted from its dips to be thicker than the holostratotype and is probably 
around 600 m thick. 
4.4.3 	Interpretation of the Bitincke Formation 
The restricted fauna and possible stromatolite within the basal 100 m of the holostratotype 
clearly indicate non-marine (or at least not fully marine) conditions. The palm/ leaf imprints 
found both in Albania and Greece indicate the extreme proximity of land. However, the rapid 
precipitation of calcium carbonate and the existence of bi-directional, symmetrical and 
climbing ripples indicate sub-aqueous deposition with both wave and current activity. This 
section is interpreted as having been deposited in a shallow lagoon within which waves and 
currents were produced by wind. The interbedded conglomerates may either have formed a 
beach to the lagoon or have been supplied into the system by fluvial/ alluvial fan activity due 
to erosion of the Pelagonian zone. 
Higher in the sequence, there is a gradation to open-marine conditions and a decrease in the 
deposition of limestone. The predominantly conglomeratic sequence in both Albania and 
Greece is interpreted as having been deposited by fan deltas/ alluvial fan. In Greece, the 
thicker section suggests that a larger fan formed a depocentre along this part of the margin 
and the red clay matrix of the conglomerates and suspected palaeosols suggest deposition 
on the fan was above sea-level. The better sorting of the submarine section in Albania may 
indicate wave reworking of the conglomerates. 
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The layer containing the syn-sedimentary extension and compression is interpreted as the 
result of seismic activity at this time. No part of the layer has been transported and the 
extension/ compression is not simply due to deformation at the toe of a slump. Seismic 
activity may also have produced the small recumbent folds within the laminated micrite. 
4.5 	 The Cervenake Formation 
4.5.1 	Previous work and field relationships 
The fauna and holostratotype of the Cervenake Formation have been described by Pashko 
(1975). The formation consists of three isolated exposures between 40-60 m thick, along 
the eastern margin of the MHT in Albania (Fig. 4.1). Of these, only those at Cervenake and 
Geshtenjas were examined. All the sections overlie Cretaceous limestone above an 
unconformity (along which Lithophaga is locally present; Pashko, 1974). The Cervenake 
Formation outcrops are themselves unconformably overlain by the conglomerates of the 
Pogradec Member of the Heptahorion Formation. 
4.5.2 	Lithological description and interpretation 
The holostratotype at Cervenake is 60 m thick (Fig. 5.4) and contains reworked Cretaceous 
limestone into a 5 m breccia along the basal contact, with clasts up to 2.5 cm in a recrystallised 
calcareous matrix. This is overlain by 15 m of more massive limestone which contains large 
gastropods and other molluscs, followed by 2 m of sandy limestone containing abundant 
specimens of nummulites and discocyclina. Above this is further limestone with an increasing 
clastic content and asymmetrical ripple-marks. 
At Geshtenjas, the 40 m section consists of massive limestone containing a varied fauna of 
molluscs and rarer corals and microfossils, including Assilina exponens and Discocyclina 
pratti (Pashko, 1975). Some limestone sections have a significant silt content, but no fully 
clastic beds occur. All the fossils from both sections indicate warm, shallow-marine conditions 
and a (?)Lutetian age. The clastic input into the basin is low here, relative to the areas of the 
other Basin-Margin Group Formations, but it is possible that these sections were transitional 
with overlying clastic. sediments (as observed at the base of the Vassiliki Formation). 
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4.6 	 The Stravaj Formation 
Field relationships: The Stravaj Formation occurs in isolation from the main MHT, along 
the western margin of the basin in Albania (enclosure 2). It unconformably overlies both 
ophiolite and Cretaceous limestone and is itself unconformably overlain by Heptahorion 
Formation conglomerates. Much of the eastern margin of the outlier is faulted, upthrowing 
basement limestone and ophiolite. The section youngs and dips eastward, but much of it is 
unexposed due to forest. The holostratotype is M. -U. Eocene in age (Pashko, 1985), 1 km 
thick and exposed along a road section, only part of which was seen. 
4.6.1 	Lithological description and interpretation 
The base of the section consists of interbedded marl, sandstone and conglomerate 
(Pashko, pers. comm.), passing up into sandstone which forms the bulk of the sequence. 
Along the faulted eastern edge of the outlier, a small section of Lutetian sandy limestone 
containing numerous shallow-water nummulites from the base of the section is also 
exposed. The bulk of the section consists of sandstone beds varying in grain-size from fine-
grained sandstone to coarse-grained grit/ micro-conglomerate. Bedding varies between 0.5 
cm and 1 m in thickness. Sandstone is occasionally interbedded with up to 2 m of siltstone or 
marl. Many of the fine-grained sandstone beds contain cross-laminations at the top of the 
bed and the coarser beds are frequently erosive and graded. The base of some beds 
contain both ripple-marks (plate 4.4E) and meandering grazing trails which are typical of the 
Nereites trace-fossil assemblage (Seilacher, 1978), indicating deep-water, turbiditic 
sedimentation. Three slumped horizons contain asymmetrical recumbent soft-sedimentary 
folds which verge towards the east or north-east. 
The transition from the lower conglomerates, marls and sandy limestones to that of the 
sandstone described above is interpreted as marking an increase in palaeobathymetry. Most 
of the sandstone horizons illustrate the characteristic features of low-density turbidites and 
the vergence of the slumps suggests that the dominant source of sediment was the western 
margin, although only three were observed. This may suggest that the abundant quartz in 
the succession is predominantly sourced from the erosion of older flysch deposits in the 
Pindos zone, rather than the Pelagonian zone. In terms both of its position of deposition and 
the sedimentary succession, the sequence is broadly similar to the Krania Formation and may 




4.7 	 The Basin-margin Group; a summary 
The Meso-Hellenic Group consists of five geographically separate formations which were 
deposited between the Lutetian (M. Eocene) and Priabonian (U. Eocene). Transgression in 
the different areas appears to have occurred at approximately the same time, although the 
fossil assemblages described from the different formations are difficult to correlate in detail 
due to relatively recent changes in the definition of the Eocene (Hardenbol and Berggren, 
1978). Renewed deposition in the area of the MHT followed the deposition of the Sub-
Pelagonian Flysch and then its erosion during the L. Lutetian (Bizon etal., 1968; Table 4.1). 
Wherever sufficient section is exposed, a broad increase in palaeobathymetry is apparent 
through the M.-U. Eocene, which in the case of the Krania Formation then may have 
decreased towards the end of the Priabonian. Deposition was probably continuous between 
the western and eastern margins of the MHT, as suggested by the similarity of the deposits in 
the Krania and Vassiliki Formations. Within this context, sediment appears to have been 
supplied from both margins and the deposition in this area is interpreted as having been 
largely separate from that further west of the Pindos Mountains, although marine 
connections may have existed. 
4.8 	 Conclusions 
The ophiolitic breccias which form the lower half of the Petra-Tripimeni Member (of the Krania 
Formation) are interpreted as having been deposited at the foot of an active fault-scarp. This 
faulting probably initiated subsidence and depositions along the western margin of the 
Krania sub-basin. Subsidence during the deposition of the more distal upper Petra-Tripimeni 
Member and Mikrolivado Member was probably still fault-controlled. This is suggested by the 
large sedimentary thickness of this section and the presence of mass-flow deposits 
containing olistoliths up to 15 m in diameter in the north of the basin. Both this and a 
northward increase in sediment thickness may indicate that the northern margin of the sub-
basin was bound by an active fault (either at the present faulted margin or further north). 
North of the Krania sub-basin, Orliakas was uplifted in the U. Eocene , which resulted in the 
deposition of the Monahiti Member (Faugères, 1978). Sediments range from proximal 
olistolithic fanglomerates, which developed near active fault-scarps, to distal mass-flow 
deposits in the Krania sub-basin. Both Orliakas and the Cretaceous limestone pinnacles in 
the north of the Krania sub-basin are onlapped by the Monahiti Member. The latter formed 
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some palaeo-topography during this time, but much less than their apparent topography 
today. They only sourced local scree breccias, not mass-flow deposits. The Upper 
Sandstone Member was deposited in a relatively complex palaeogeographic setting, 
resulting in a locally variable pattern of palaeocurrents and slumping. 
Through the M.-U. Eocene, the Vassiliki Formation was deposited in increasingly deep water 
along the eastern margin of the MHT and was probably continuous with the Krania Sub-
basin. Further north, the Bitincke Formation was deposited in a marginal marine lagoonal 
environment, with conglomeratic input from both alluvial fans and fan deltas. 
Along the south-western margin of the MHT in Albania, the Stravaj Formation grades from 
shallow-water, proximal, predominantly detrital facies to deeper-water turbiditic sandstones. 
The Cervenake Formation, deposited on the opposite margin, is only preserved in 40-60 m 
thick sections and consists of shallow-marine limestone that may correlate with the base of 
the Stravaj Formation. 
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Chapter 5: The Heptahorion Formation 
5.1 	 Introduction 
The Heptahorion Formation was originally described by Brunn (1956). It forms the base of 
the Meso-Hellenic Group and includes a variety of non-, marginal- and open-marine facies. It 
is one of only two formations that are exposed along the whole length of the Meso-Hellenic 
Trough (MHT). Consequently, its thickness and facies variations in time and space have 
been examined in order to elucidate relative rates of subsidence and deposition along the 
length of the basin. This is particularly important as it is the first time that sections from Greece 
and Albania have been directly compared. The facies are systematically described in the 
context of the five members into which this formation can be divided (table 2.1), where 
possible moving from the north-west to the south-east. The relationship between the 
different facies is summarised in enclosure 1 and thickness variations within the formation are 
summarised in figure 5.13. In the northern and southern segments of the MHT, the 
Heptahorion Formation crops out along both margins of the basin, but in the central segment 
it is restricted to the south-western margin due to depocentre migration and syn-depositional 
rotation (chapter 3). 
5.2 	 The Pogradec Member 
5.2.1 	Field relationships 
The Pogradec Member occurs at the base of the Heptahorion Formation along much of the 
length of the MHT. In most areas it forms sections in the order of 100 m thick and fines 
upward into the open-marine Dotsikon Member. However, in the holostratotype along the 
eastern margin of the basin in Albania, it forms considerably thicker sections (900 m west of 
Pogradec; Figs. 2.2 and A1.1) where it constitutes the whole of the Heptahorion Formation 
and part of the Pentalofon Formation. As the boundary between the Heptahorion and 
Pentalofon Formations is not discernible in this area, the whole of the holostratotype is 
considered in this chapter. At the southern tip of the MHT, south of Kalambaka, the 
Pogradec Member onlaps a considerable remnant palaeotopography. For example, the 
Cretaceous limestone outcrops immediately to the north of and 0.5 km to the south of 
Theopetra (Fig. 3.17).have a relative topography of 200 m of which at least 50 m is onlapped 
by the Pogradec Member. 
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5.2.2 	Lithological description; the Pogradec Member in Albania 
The Pogradec Member holostratotype is exposed along road sections west of Pogradec and 
Dhardas (Fig. A1.1; enclosure 2). It overlies Cretaceous limestone above an orange 
weathering surface and forms a fining-upwards sequence approximately 900 m thick. The 
basal 500 m is formed predominantly of clast-supported conglomerate in a micaceous, sandy 
matrix, with clasts consisting of limestone (67%; both Triassic and Cretaceous limestone), 
ophiolite (14%) and metamorphic/ igneous rock-types (8%). The Cretaceous limestone and 
ophiolite are not diagnostic of either margin, but Triassic limestone and metamorphic/ 
igneous lithologies are only found in the Pelagonian zone in this part of the basin. The 
conglomerates are clearly of local origin, so their composition is interpreted as indicating a 
north-eastern margin source. Clasts are moderately well sorted, with a mean clast-size of 1-2 
cm and a maximum of 10 cm. Beds are typically 0.5-2 m thick and relatively massive, with little 
clast organisation. Occasionally interbedded sections of silty clay are up to 10 m thick and 
contains abundant plant debris. 
A 200 m transitional section above the basal conglomerates (Fig. Al. 1) contains an increase 
in the proportion of sandstone beneath the upper, 260 m thick sandstone-dominated part of 
the section. Throughout the section, the conglomeratic beds become increasingly thinly-
bedded; eventually forming layers only one clast thick. The upper sandstones are yellow, 
well-sorted, medium- to coarse-grained and rich in quartz and mica. They are interbedded 
with occasional 10-30 cm beds of siltstone. The sandstone beds (1-2 m) are usually massive 
and structureless but occasionally cross-bedded. Mm-thick horizons of lignite are 
occasionally preserved and a restricted molluscan fauna indicating a reduced salinity 
(compared with sea-water) is locally present (P. Pashko, pers. comm.). The section passes 
gradationally into the overlying upper Lozhan Member coal measures, as marked by an 
increase in the silt content and the appearance of coal horizons (chapter 6). 
South of the holostratotype, at the base of the Plaza section across Morave (Figs. 2.3 and 
A1.2), the Pogradec Member consists of clast-supported, b reccio-cong lome rates consisting 
of limestone, ophiolite, vein quartz and metamorphic/ igneous clasts in a sandy matrix, 
suggesting an eastern margin provenance (Fig. 5.1). This passes up into a series of 
conglomeratic layers in which boulders of conglomerate up to 1 m in diameter occur in a 
matrix of isolated, disaggregated clasts, which themselves have an ophiolitic sandstone 
matrix (plate 5.313). Finally, the conglomerates are overlain by 30 m of interbedded red and 
yellow micro-conglomerate, sandstone and si!tstone before the deposition of a sandstone 
containing open-marine bivalves, marking the base of the Dotsikon Member (Fig. A1.2). 
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5.2.3 	Lithological description; the Pogradec Member in the central 
and southern MHT 
At the base of the Heptahorion section, along the western margin of the MHT in Greece (Fig. 
A1.8; enclosure 1), the Pogradec Member forms a partially-exposed section around 100 m 
thick which is representative of many other basal sections. It unconformably overlies either 
ophiolite or Cretaceous limestone and consists of interbedded conglomerate, sandstone 
and siltstone. In contrast with the quartz-rich sandstones in the Pogradec section, the 
sandstones along this margin are predominantly ophiolitic and the conglomerate clasts 
consist of locally-derived ophiolite and Cretaceous limestone (Fig. 5.1; Brunn, 1956). Clasts 
are moderately well-rounded, with a mean diameter of 1-2 cm but a maximum of 15 cm and 
are occasionally imbricated. Beds are massive and often amalgamated, forming units up to 2 
m thick. The section generally fines upwards due to an increase in the amount of siltstone, 
much of which is red, purple or ochre at the top of the section. It is interbedded with erosive 
beds of coarse sandstone or conglomerate which commonly contain abundant detrital 
organic material. The transition into the overlying Dotsikon Member is gradual and the 
siltstones grade from being red or varicoloured to green. Brunn (1956) also describes a 
horizon of lignite from this transitional section. In an isolated outcrop through the top of the 
Pogradec Member further north, 2 km south of the turning to Grammos, interbedded 
siltstones, sandstones and conglomerates with a strong purple colour are eroded by a 
conglomeratic channel at least 30 m wide and 8 m deep (plate 5.31)). 
All the Pogradec Member sections at the base of the Heptahorion Formation in the central 
MHT are locally derived (from the western margin; Fig. 5.1). However, 1 km to the south of 
Theopetra (Fig. 3.17), the section consists of coarse conglomerates containing abundant 
metamorphic/ igneous clasts derived from the Pelagonian zone. Here the Ag. Theodori 
monastery is built on a series of low-angle cross-beds. 1.5 km north-west of Theopetra, the 
Pogradec Member consists of coarse-grained, extremely well-sorted, quartz-rich sandstone. 
Grains are sub-angular to sub-rounded and cross-bedding indicates palaeocurrents flowed 
towards 2400 . 
5.2.4 	Interpretation of the Pogradec Member 
The Pogradec Member is unfossiliferous apart from plant imprints and a restricted salinity 
molluscan fauna in the holostratotype. In the Heptahorion section, the red/ purple colour of 
clay- and leaf-rich siltstones and the lignite at the top of the section suggest deposition 
under terrestrial conditkiis. The poor organisation and coarseness of the conglomerates, as 
well as their erosive bases in some sections indicates deposition in an extremely high-
energy, proximal environment. The abundant detrital organic material in the conglomerates 
must therefore be locally derived. The Pogradec Member is therefore interpreted as having 
been deposited by a series of alluvial fans of varying size, which prograded into standing 
water to form fan deltas at the base of the overlying Dotsikon Member (Fig. 5.4). A similar 
interpretation was made for the base of the Heptahorion section by Ori et al. (1990). 
The Pogradec Member holostratotype passes laterally to the north and south into thinner, 
open-marine, fossiliferous sections of the Dotsikon Member and its thickness indicates that a 
large, long-lived fan developed here. As the overlying Lozhan Member in this section is also 
terrestrial, the fining-upwards sequence is interpreted as marking a decrease in the relief of 
the Pelagonian zone during the Oligocene. The red/ yellow colour of the sediments in the 
Plaza section of Morave, although possibly diagenetic, also suggests sub-aerial deposition. 
The redeposition of 1 m blocks of conglomerate in this section is interpreted as the result of 
rapid erosion of the Bitincke Formation (Basin-margin Group) which was deposited along this 
margin of the basin (section 4.4). This may also have been the source of some of the 
conglomerate clasts in the holostratotype near Pogradec. 
Along the central segment of the MHT, the Pogradec Member outcrops along the western 
margin of the basin are also interpreted as alluvial fan deposits. Their smaller size compared 
with the holostratotype reflects both the greater subsidence of the central MHT (resulting in 
transgression) and the greater supply of coarse-grained sediment in the Pogradec area (Fig. 
5.14A). The alluvial fan interpretation contrasts with that of Brunn (1956), who interpreted 
the Pogradec Member (his 'couches de base') as representing shoreline deposits. It is likely 
that the Heptahorion Formation along the eastern margin of the newly-forming basin was fed 
by similar fans from the Pelagonian zone (as seen in Albania; Fig. 5.14), but these are now 
buried due to the syn-depositional rotation of bedding in this part of the basin. 
Near Theopetra (Fig. 3.17) the Pogradec Member passes laterally into open-marine, fossil-
bearing siltstones and sandstones of the Dotsikon Member over only 2 km (the Kalambaka 
section). The clean, well-sorted, cross-bedded quartz grit to the north of Theopetra is 
lithologically very similar to the Kinderscout Grit of northern England (McCabe, 1975) and 
may therefore represent deposition in a small Pelagonian-sourced delta-top environment. 
In summary, the Pogradec Member represents locally-sourced alluvial fans (and possibly fan 
deltas) which fed the MHT during the early Oligocene (Fig. 5.14A), of which the 
holostratotype represents a particularly large, long-lived fan. 
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5.3 	 The Drenove Member (lower coal measures, Albania) 
5.3.1 	 Field relationships 
Coal measures of the Drenove Member only crop out along Morave, where they directly 
onlap ophiolite at the base of the Heptahorion Formation in sections up to 130 m thick 
(Pashko, 1981; Fig. 5.2; enclosure 1). Shkupi and Dhima (1984) suggested that coal 
measures located in the far northern MHT at the Homesh mine (Fig. 2.2) are also part of the 
Drenove Member and hence that these lower coal measures extend beneath much of the 
area of the northern MHT. However, following Pashko, (1973; section 5.4.1), they are 
interpreted as part of the lower Lozhan Member coal measures. The Drenove Member is 
transgressively overlain by shallow, open marine sediments of the Dotsikon Member. 
Details of the sequence of coal horizons along Morave are well known due to extensive 
mining and associated boreholes. At least eleven coal horizons are recognised, named and 
mapped, of which only a few are economic (Fig. 5.2). The lowest coal horizons (E and F) only 
occur in south-west Morave and the whole of the Drenove Member succession onlaps the 
ophiolitic basement towards the north-east, so that none of the Drenove Member occurs at 
the base of the Plaza section in north-east Morave. Furthermore, the succession onlaps 
basement towards the north-west, along the axis of the basin. This is clear from the fact that 
both at Kamenice (immediately on the downthrown side of the Korce fault; Fig. 2.3) and at 
Lozhan, further north (Fig. 2.2), ophiolitic basement is directly overlain by transgressive 
marine horizons of the Dotsikon Member (enclosure 1). 
5.3.2 	Lithological description 
The base of the section consists of interbedded ophiolitic breccio-conglomerate and 
sandstone up to 15 m thick. Beds are typically 0.5-1 m thick and relatively massive. In the 
central Morave sections (e.g. Bradvice; Fig. 2.3) they are black, but at the margins (e.g. the 
Dardhe section) are red, as with the basal Pogradec Member conglomerates at Plaza (Fig. 
A1.2). Clasts are a mean of 1 cm and a maximum of 10 cm in diameter and in the Bradvice 
section a fossilised horse tooth has been found (Pashko, pers. comm.). 
The coal horizons themselves are up to 1 m thick and mostly formed of lignite, although 
some of the thinner horizons (e.g. Cl and C2; Fig. 5.2) simply have an extremely high 
organic (wood) content, but have not been totally transformed into lignite. Similar horizons 
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are very common in the Kipourio Member holostratotype (section 5.9). The coal is relatively 
fissile and organic material is clearly aligned parallel to bedding, with no evidence of rootlets. 
Plant imprints are also common in well-lithified mudstones which occur between the coal 
horizons. One 40-50 cm bed used by the miners as a marker horizon occurs at the base of 
the three Dk coals (Fig. 5.2). It is a sandstone containing abundant detrital biotite parallel to 
bedding (plate 5.2E). The biotite grains are elongate, 0.2-0.6 mm long and show little 
evidence of weathering or physical transport. The bulk of the rest of the grains consist of 
plagioclase feldspar which are of similar size but blocky. They are not sericitised and retain 
angular corners, also implying minimal transport. 
The base of the section is unfossiliferous, but between coal horizons A and C, a molluscan 
fauna typical of much of the Heptahorion Formation occurs. It includes Tympanotonus 
margaritaceous, Megatylotus crassatinus and Barbatica albanica (plate 5.2A-C; Pashko, 
1977). This fauna remains relatively restricted until the base of the overlying Dotsikon 
Member, in which a faunal explosion of molluscs, corals and microfossils occurs (Pashko, 
1977). Within the upper part of the member, extremely indurated beds of apparently 
diagenetic origin occur, containing numerous small-scale thrusts of varying sense which do 
not deform the interbedded sediments (plate 5.2F). 
5.3.3 	Interpretation 
The Drenove Member is interpreted as having been deposited in non-marine conditions, as 
suggested by the occurrence of the horse tooth and the red colour in parts of the basal 
breccio-conglomerate. Organic material within the lignite horizons is detrital and was probably 
water-ratted. The coals-are therefore interpreted as being of lagoonal origin. Such an 
environment of deposition is compatible with the lack of fauna in the basal section, but an 
increase in marine influence is marked at the top of the member by the restricted fauna. A 
similar fauna (notably rich in Tympanotonus margaritaceous) occurs within marginal marine 
delta-top facies of the Kipourio Member (section 5.9), but also within clearly open-marine 
sediments of the Dotsikon Member, west of Heptahorion. This section may therefore 
represent deposition in brackish-water conditions, with occasional marine incursions. Onlap 
of the Drenove Member to both the north-east and north-west is interpreted as having infilled 
the palaeotopography of the area during initial subsidence. 
Deposition of the biotite-rich bed is hard to explain, but was probably derived from the 
extremely rapid erosion of a coarse, biotite-rich igneous unit in the Pelagonian zone. The 
bed is traceable along almost the whole length of Morave and may represent a catastrophic' 
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event in which the bed was deposited as a sand sheet of fluvial origin within the flat-lying 
lagoon, due perhaps to flash-flood conditions on the Pelagonian zone. The small-scale 
reverse-faults within the same part of the section (with offsets generally <1 m) are very similar 
to structures developed in dolostones at Kimmeridge Bay in Dorset (Leddra etal., 1987; 
Bellamy, 1977). They are interpreted as being of diagenetic origin, as they are restricted to 
the indurated, diagenetic beds and have no preferred orientation. The increase in horizontal 
stress required to form such thrusts can be generated by a volume increase, such as occurs 
during the addition of magnesium carbonate to calcite in the formation of dolomite. 
5.4 	 The lower Lozhan Member; middle coal measures, Albania 
5.4.1 	Field relationships 
The Lozhan Member coal measures occur within both the Heptahorion and Pentalofon 
Formations, but the two respective type sections do not directly overlie one another 
(enclosure 1). The lower Lozhan Member holostratotype occurs along the road section near 
Lozhan (Figs 2.2 and 5.3) and is faulted against an open marine Pentalofon Formation 
section. It overlies a 100 m section of fossil-rich, open marine Dotsikon Member sediments 
which separate the Drenove Member coal measures from the Lozhan Member coal 
measures. The Lozhan Member is also encountered underground at the Leshnite and 
Pretushe mines (Fig. 2.2; enclosure 2; Shkupi and Bektashi, 1987). However, the precise 
stratigraphic position of Oligocene coal measures further north in Albania (the Homesh mine; 
Fig. 2.2) is more difficult to determine. This is due to the difficulty in discerning a section of 
clearly open marine, transgressive Dotsikon Member, as discussed below. 
In an intermediate section between Lozhan and Homesh (at Cervenake; Figs. 2.2 and 5.4), 
the Heptahorion Formation consists of open marine mans and sandstones with a diverse 
marine fauna (part of the Dotsikon Member). This passes up into micaceous sandstone 
containing abundant plant debris and a single 10 cm lignite horizon, interpreted as a poorly 
developed section of the Lozhan Member. At the Homesh mine, a coal-bearing section 
overlies 100 m of Pogradec Member fanglomerates in which fresh-water Melanopsis sp. was 
found. Throughout the mans, which occur between the coal horizons, there is a fauna of 
both fresh-water molluscs (e.g. Unio sp.) and marginal/ open marine molluscs (e.g. Ostrea 
sp.), indicating that some marine incursions occurred. This contrasts with most of the 
Drenove Member coal measures, which are largely unfossiliferous, except for the transitional 
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correlated with the open-marine mans at Cervenake, and the former are interpreted as 
representing the most northerly extent of the Dotsikon Member transgression. Here at the 
north-western end of the MHT in Albania, the transgression appears only to be represented 
by minor marine incursions, between which further coal horizons attributed to the Lozhan 
Member occur. The fact that the coals do not directly overlie basement also suggests that 
they are more likely to be part of the Lozhan Member, as the Drenove Member coal measures 
are characterised by onlap of basement in their holostratotype (Fig. 5.2). This contrasts with 
the interpretations of Shkupi and Dhima (1984) who consider that the Homesh mine coals 
correlate with the Drenove Member coal measures. 
5.4.2 	Lower Lozhan Member facies associations in the 
holostratotype 
This section describes both the lithologies and larger-scale sedimentary structures observed 
in the Lozhan Member holostratotype (Fig. 5.3; enclosure 2). The latter form a vital part in the 
interpretation of the section as many of the outcrops are steep and inaccessible, yet clearly 
expose larger-scale features, as described below. 
The transition between the 100 m of transgressive open marine Dotsikon Member and lower 
Lozhan Member coal measures is relatively gradual and occurs around the Rupelian/ Chattian 
boundary on the basis of the molluscan fauna (P. Pashko, pers. comm.). The variety of fossils 
decreases up section from numerous species of molluscs and corals to a restricted 
molluscan fauna which is interbedded with the lowest coal horizons (Fig. 5.4). Coal samples 
were not observed in hand specimen, due to inaccessibility, but the coal-seams are visible in 
the cliff-sections and mined in this area. 
Between coal seams 2 and 3, several large channels are visible along a strike-parallel section. 
The first of these is at least 150 m wide and exhibits 15-20 m of incision into a series of 
interbedded siltstone and sandstone horizons, some of which are themselves erosive on a 
much smaller scale (plate 5.11D). The channel-fill is well-bedded and onlaps the channel 
margins. It is composed predominantly of sandstone which fines upwards to a siltstone, the 
latter overlying both the channel and surrounding beds. The channel is clearly asymmetrical, 
with a steeply erosive southern margin and a far more gently erosive northern margin and 
several sandstone beds contain cross-bed sets up to 3 m thick. 
A further channel exposed along strike is only partially exposed, but at least 60 m wide and 
erodes well-bedded micaceous siltstone containing abundant woody detritus. It is of 
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comparable depth to the channel described above and is similarly asymmetrical, although in 
the opposite sense. The coarse-grained sandstone channel-fill contains large fragments of 
transported wood. Towards the top of the channel-fill, at the steep channel edge, a 2.5 m 
thick slump occurs which passes laterally into undeformed strata in the centre of the channel. 
Above the third coal seam (Fig. 5.4), two convex-upward sandstone structures occur, each 
with a length of 40 m and a height of around 5 m. They are not accessible and the internal 
structure is poorly visible, but they are onlapped by the overlying siltstones. The remaining 
section consists of further interbedded sandstone and siltstone, but fewer channels are 
exposed. The contact with the overlying Pentalofon Formation (shallow, open-marine, 
Lepidocycline-bearing sandstones) is faulted (Fig. 5.4). 
5.4.3 	Interpretation of the lower Lozhan Member 
The lower Lozhan Member holostratotype has a far coarser-grained clastic content than the 
lagoonal Drenove Member coal measures, most notably within large channels. The large size 
of the channels and their well-organised internal architecture indicates that they were 
relatively long-lived features and their asymmetrical shape indicates that erosion 
preferentially occurred along the steeper channel margin. This suggests that they are the 
result of erosion and deposition by a large meandering river (Fig. 5.14). Erosion on the 
steeper channel margin is interpreted as having produced the slump observed in one 
channel, due to collapse resulting from undercutting and oversteepening of the bank. 
Cross-beds within the channels are interpreted as the result of lateral accretion due to the 
migration of sand dunes or bars within the channel. 
The sediments eroded by the channels are interpreted as overbank deposits. These vary 
between siltstones and thin-bedded sandstones and are interpreted as being largely the 
result of deposition during periods of flood, when excess discharge was diverted into the 
interdistributary areas as a result of river-bank breach. The siltstones are interpreted as more 
distal deposits, rich in detrital organic material transported by the flood waters and the thin 
sandstone bodies are interpreted as more proximal sediments deposited near crevasse 
splays. The coals were probably also deposited in the interdistributary areas between 
periods of flooding of the overbank areas. Towards the top of the section, deposition at or 
near sea-level may have occurred in the upper part of the holostratotype, with occasional 
marine incursions. This may explain features such as the sand-waves, which are more typical 
of deposition in a shallow-marine or estuarine environment. 
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The overall environment of deposition is interpreted to be that of a fluvial-dominated delta 
plain and many of the features described above are observed on comparable modern deltas 
(Elliott, 1986a). Both the transition from the underlying open-marine section and the 
transition into the overlying open marine succession may be interpreted in terms of delta 
switching, although this remains highly speculative as only one section was examined within 
this member. No palaeocurrent indicators were observed in the sequence, so there is no 
direct evidence as to the direction in which the river flowed. The high quartz content could 
be sourced by the erosion of either flysch deposits on the western margin of the basin or the 
Pelagonian zone. The high sand content contrasts with the more poorly developed coal 
successions at Homesh and Cervenake to the north (Fig. 2.2) which are interpreted as the 
result of deposition in a marginal marine lagoonal environment, with little fluvial input. 
5.5 	 The Dotsikon Member; introduction and field relationships 
The Dotsikon Member forms the vast majority of the Heptahorion Formation, particularly 
within the central and southern segments of the basin (enclosure 1). In Albania, it occurs as a 
transgressive unit up to 230 m thick, overlying the lower (Drenove Member) coal measures 
and passing upwards and northwards into the lower Lozhan Member coal measures 
described above (enclosure 1). In Greece, the Dotsikon Member either represents the whole 
of the Heptahorion Formation or overlies basal Pogradec Member fanglomerate and varies 
between500 and 1000 m in thickness. 
The Dotsikon Member is wholly marine and was deposited in a shoreface to bathyal 
environment. The relative position of the sections which grade into deeper-water deposits 
are important in the interpretation of Heptahorion Formation palaeogeography and 
subsidence. Hence sections are described sequentially from the north-western to the south-
eastern end of the basin (Fig. 5.13). 
5.6 	 The Dotsikon Member transgression in Albania 
5.6.1 	Lithological description 
In Albania, the Dotsikon Member is best exposed in sections across Morave. Of these, the 
Bradvice section is used for reference (Figs. A1.3 and 2.3) and other sections are only briefly 
described. The lowest part of the section is lithologically continuous with the underlying coal-
measures and its base is marked by the first marine fauna. This consists of Natica sp., Cardita 
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sp. and the isolated occurrence of an echinoid in a fine ophiolitic sandstone. The remaining 
section can be divided into two parts on the basis of its sedimentotogy, fauna and age. The 
lower section (140-280 m; Fig. A1.3) consists of units of interbedded siltstone, sandstone, 
conglomerate and limestone which are cyclically arranged in a section 140 m thick. 
Three main cycles occur and each starts with a sharp-based conglomerate unit 6-12 m thick 
which contains interbedded lenses of medium- to coarse-grained sandstone. Clasts are well-
rounded. and up to 4 cm in diameter, and cross-bedding is common (plate. 5.1A). Rare 
transported corals are preserved along with abundant bioclastic shell debris and within the 
sandier sections, conglomeratic horizons one clast thick are commonly preserved. Both 
sandstone and conglomerate are predominantly composed of ophiolite, although limestone 
clasts are locally common. In both the highest and lowest conglomeratic units a sharp-based 
red lateritic horizon also occurs (Fig. A1.3; plate 5.1B). 
The conglomerates pass up via shelly bioclastic sandstone into siltstones containing a wide 
variety of fauna, including bivalves, gastropods, corals (less common) and benthic 
microfossils. In all, a total of 78 different species of mollusc are recognised by Pashko (1977) 
in this member. The lowest siltstone section passes laterally into relatively massive coralline 
limestone (containing six different species of hermatypic coral including both collonial and 
solitary types; Pashko, 1977; plate 5.1C). The limestone varies in thickness from 0-15 m in 
the Bradvice section and in the Plaza section (northern Morave; Fig. 2.3) reaches a maximum 
of 30 m thickness. In the transitional section between the lower and upper part of the 
Dotsikon Member in the Drenove section (Fig. 2.3), a sandy horizon contains abundant 
pustulate nummulites, some of which have proloculi up to 0.8 mm in diameter (plate 5.7H) 
The upper Dotsikon Member (280-400 m; Fig. A1.3) consists primarily of grey micaceous 
siltstone with occasional thin-bedded sandstones. 5 m above the base, a horizon rich in 
Nummulites fichtelli confirms a Rupelian age for this part of the sequence and correlates it 
with the base of the Dotsikon Member near Orliakas, which contains the same foraminifera 
(plate 5.7E). However, the overlying siltstones (which are up to 100 m thick along Morave) 
contain a fauna of molluscs and microfossils that are of Chattian age. This fauna is noticeably 
smaller than those found in the lower part of the section and includes Dentalium sp., Corbula 
sp., Spondylus sp. and Chama granulosa (Pashko, 1977). The siltstones are called the 
Chama Mans by both Pashko (1977) and Bourcart (1922). The top of this section is marked 
by a gradual increase in the number and thickness of sandstone beds, interpreted as a 
gradual contact with the base of the overlying Plaza Member of the Pentalofon Formation. 
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North of Morave, the Dotsikon Member transgresses basement directly at Kamenice, Lozhan 
and Cervenake (enclosure 1), with mollusc- and coral-bearing sandstones and siltstones 
usually overlying a few metres of basal ophiolitic sandstone or breccio-conglomerate. The 
transgression is interpreted as reaching as far as Homesh (Fig. 2.2), where it is represented 
by short-lived marine incursions between coal-bearing fades of the Lozhan Member, as 
discussed above. This phase is not represented in Fig. 5.14, which only summarises the 
palaeogeography at the beginning and end of Heptahorion Formation deposition. 
5.6.2 	Interpretation of the Dotsikon Member in Albania 
The first evidence of marine conditions above the Drenove Member coal-measures is based 
purely on the change of fauna, without any marked lithological change. This is interpreted as 
the result of marine incursions into the lagoons in which the Drenove Member was 
deposited. In contrast, the base of the first conglomerate unit marks a pronounced 
lithological change. The conglomerates are interpreted as shoreface to foreshore beach 
deposits, as indicated by the good sorting of the conglomerates and sandstones, locally-
developed cross-bedding, bioclastic sandstones and redeposited corals and molluscs. The 
horizons of conglomerate restricted to one clast thick are interpreted as having been 
deposited in the beach swash zone. This is supported by their association with the cross-
bedded sandstones and conglomerates (plate 5.1A) which are similar to structures observed 
as part of the inner rough facies of Clifton etal., (1971). However, comparisons between the 
two beach environments are complicated by the fact that the beach system described here 
appears to have been a coarser-grained, higher-energy environment that described by 
Clifton et al. (op. cit.). Within and at the top of two of the sections of beach conglomerate 
(respectively), the lateritic surfaces are interpreted as weathering surfaces produced due to a 
relative drop in sea-level resulting in sub-aerial weathering of the ophiolitic conglomerate. 
The sharp base to the first conglomeratic horizon (Fig. A1.3) is interpreted as the result of 
shoreface retreat during sea-level rise. This surface is an example of a diastem (a relatively 
short interruption in sedimentation involving only a brief interval of time; Bates and Jackson, 
1980) and more specifically a marine ravinement surface (Swift, 1968; Nummendal and Swift, 
1987). The result of transgression is the superposition of shoreface to foreshore sediments 
on top of non- or marginal- marine sediments, as observed. 
The siltstones and limestones in the upper part of each cyclothem are interpreted as having 
been deposited on the lower shoreface to offshore transition zone (Elliott, 1986b) due to 
continued transgression after the deposition of each conglomeratic foreshore sequence. 
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The abundance of large molluscs and corals indicates a shallow, warm-water environment 
and the deposition of siltstone suggests a relatively low-energy environment. In contrast to 
the ravinement surface described above, the sharp bases of the second and third 
conglomeratic units (Fig. A1.3) represent erosion due to a relative drop in sea-level (as 
suggested by the presence of the lateritic horizons associated with the conglomerates). 
They represent a basinward shift in facies, with upper shoreface/ foreshore deposits sharply 
overlying lower shoreface deposits. The cause of the relative changes in sea-level apparent 
during the deposition of this sequence is unknown, but could be due either to a regional fall 
in sea-level or tectonics. Although they cannot be correlated directly, a similar cyclicity occurs 
within the Kipourio Formation, as discussed in section 5.9.3.3. 
At the top of the third cycle, deposition is interpreted to have continued during the relative 
rise in sea-level with upper parts of the section representing a deeper-water offshore 
environment (300-400 m; Fig. A1.3). This is reflected in the predominantly silty nature of the 
succession. Thin-bedded sandstones are sharp-based and interpreted as the result of storm 
deposition. The large nummulites occurring in an equivalent position in the Drenove section 
are typical of the Lutetian and were extinct by the Oligocene, indicating the nearby erosion of 
Basin-margin Group sediments, as the nummulites are well preserved (plate 5.7H) and 
cannot have been transported far. 
Both lithostratigraphy and biostratigraphy allow the correlation of the transition from 
shallower-water limestone/ conglomerate/ sandstone to deeper-water siltstones throughout 
most of the Dotsikon Member sections (Fig. 5.13). However, the amount of deepening 
varies considerably from tens of metres along Morave (interpreted from the fauna described 
above and in the Plaza Member) to hundreds of metres in the centre of the basin (Barbieri, 
1992). Importantly, the transgressive Dotsikon Member sections to the north of Morave 
(enclosure 1) are interpreted as correlating with the lower part of the Dotsikon Member along 
Morave and while a relative increase in palaeobathymetry was occurring during the Chattian 
(late Oligocene) over most of the basin, regression was occurring in the northern MHT, 
resulting in the deposition of the Lozhan Member coal-measures. This is interpreted to be 
the result of sediment supply outstripping the lesser subsidence occurring in this part of the 
basin, whereas the opposite occurred nearer the centre of the basin where subsidence was 
much more rapid. This trend continued during the deposition of the Pentalofon Formation. 
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5.7 	 The Dotsikon Member in the central MHT 
Four sections were examined through the Dotsikon Member in the central part of the MHT 
consisting of complete sections at Heptahorion (the holostratotype), Dotsikon and Orliakas 
and a partial section at Strivo (Fig. 2.4). Each of the complete sections can be divided into 
two parts (Fig. 5.13). In general, the lower section is coarser-grained and more proximal while 
the upper section is finer-grained and more distal. However, this is a relatively subjective 
division and does not imply that these boundaries correlate precisely between the different 
sections, but facilitates the facies descriptions. It is the same transition as that described 
along Morave. 
5.7.1 	 The lower Dotsikon Member 
5.7.1.1 	Section 1: Heptahorion 
The base of the Dotsikon Member at Heptahorion (Figs. A1.8 and Fig. 5.13) is transitional 
with Pogradec Member fanglomerates (see above; Ori et al., 1990). The section consists 
predominantly of siltstone or marl, which at its base is red or varicoloured and is interbedded 
with two 1-2 cm lignite horizons. The siltstones are eroded by isolated units of channelised 
sandstone and conglomerate up to 3 m thick whose clasts are composed of ophiolite and 
Cretaceous limestone (Fig. 5.1). The clasts are self-supported, well-rounded, moderately 
sorted and several transported logs within the beds are up to 1.5 m long are preferentially 
aligned towards 104/ 2840 . The larger channels are at least 30 m long and have an erosive 
topography of 2.5 m. They fine upwards from conglomerate to coarse-grained sandstone in 
the centre of the channel and onlap the channel edges. On the base of one channel, a 
variety of sole marks indicate flow in a 110/ 290 0 orientation. 
400 m above the base of the Heptahorion Formation in this section, no more conglomeratic 
channels occur. The remainder of the section consists of relatively monotonous grey 
siltstone, cut by occasional well-sorted medium-grained beds of quartz sandstones up to 30 
cm thick. These occur in packets of up to 10 beds within a thickness of 15 m, each packet 
being separated from the next by considerably thicker (20-30 m) sections of siltstone. The 
sandstones have sharp tops and bottoms and sometimes contain prods or grooves, which 
are predominantly aligned at 140/320 0 (Fig. 5.7). There is no lithological distinction between 
the lower and upper part of the member in this section and the division is made on the basis 
of the fauna. 
The basal 250 m of the holostratotype contain no macrofossils (Fig. A1.8) and the first fossils 
occur above the log-bearing channel. These consist of small bivalves and gastropods, 
including Tympanotonus margaritaceous (Brunn, 1956) which were occasionally found in life 
position, but were more commonly found as reworked, bioclastic debris. Their presence in 
this section distinguishes the lower part of the section from the upper part, which is barren of 
macro-fossils (Fig. 5.13). 1.5 km south of Chrisi (to the north of the main Heptahorion 
section; Fig. 2.3), two resistant 2 m thick beds in the lower part of the member consist totally 
of concentrated broken bivalves and gastropods with rare bryozoa. Barbieri (1992) reported 
no microfossils within the basal 300 m of the Heptahorion section. At this level, he found 
broken ostracod and mollusc debris and in the succeeding 200 m he observed common 
benthic foraminifera. 
5.7.1.2 	Interpretation of the Heptahorion section 
The basal red/ purple siltstones and the paucity of fauna (which includes ostracods and 
Tympanotonus margaritaceus) is indicative of marginal marine conditions. The lower part of 
the sequence is interpreted as a fan-delta succession which is gradational with the 
underlying alluvial sequence (following Ori et aL, 1990). The siltstones are interpreted as 
interdistributary deposits which are cut by high-energy feeder channels transporting 
terrestrial detritus from the south-western margin. Deposition probably occurred near sea-
level and open to marine influence, as the thick shelly coquinas (comprising molluscs and 
bryozoa) are interpreted as being of storm origin. The channels only form a small percentage 
of the sequence and occur as discrete conglomeratic bodies, suggesting that the conduits 
must have been relatively long-lived. They are interpreted as having formed on the outer fan. 
Up-section, the disappearance of conglomeratic feeder channels indicates the transition to a 
more distal environment. Lithologically, there is little change in the nature of the background 
sedimentation (mainly siltstones) but this is typical of fan deltas (Miall, 1984b). The presence 
of bioclastic debris in some siltstones and the recognition of hummocky cross-stratification 
(Ori et al., 1990) suggests deposition was still above storm wave-base and the presence of 
costate uvigerinid foraminifera has led Barbieri (1992) to interpret deposition in an epibathyal 
environment (up to 500 m water-depth; Barbieri, op. cit.). The occurrence of occasional 
flutes and of relatively consistently orientated sole-marks on the base of the interbedded 
sandstone horizons suggests that they are not storm deposits (Seilacher, 1982) and they 




5.7.1.3 	Section 2: Dotsikon 
The base of the section (Fig. 5.5) consists of crystalline limestone with beds typically around 
10 cm thick, containing a fauna of corals, bivalves and benthic foraminifera, (including 
Lepidocyclina. Brunn (1956) also reported interbedded yellow calcareous sandstone. The 
overlying 300 m consists of blue-green micaceous siltstones. These contain a fauna of 
fenestral bryozoa, small gastropods and bivalves up to 2 cm in length and are cut by thin (0.5-
3 cm) beds of fine-grained sandstone. In a transitional section (340-500 m in Fig. 5.5), the 
sandstone beds thicken and coarsen to medium-grained sandstone. The lowest sandstone 
bed in this sequence is 1.2 m thick and internally structureless. The remainder are 5-40 cm 
thick, sharp-based, contain siltstone rip-up clasts and have parallel laminations towards the 
top of the layer. One sandstone bed contains abundant soft sediment dish structures. The 
basal prod- and groove-marks are predominantly orientated at 140/ 320 0 (Fig. 5.7) and are 
separated by units of siltstone up to 1 m thick which contain small bivalves. 
5.7.1.4 	Interpretation of the lower Dotsikon section 
The basal limestone contains a diverse fauna indicative of deposition in warm, shallow seas. It 
appears to correlate with the thicker limestone succession at the base of Strivo (see below), 
although the latter was a more massive reef limestone (Brunn, 1956). The overlying 
siltstones are interpreted as having been deposited in deeper-water offshore conditions and 
are lithologically similar to the offshore part of the Heptahorion section. In the transitional part 
of this section, the sandstones have many of the features of turbidites, but from the fauna 
still appear to have been deposited in a relatively shallow-marine, offshore environment. The 
presence of the soft-sediment structures in one of the sandstone beds without any 
evidence of load structures or slumping points to liquefaction and water-escape on the sea-
floor which probably resulted either from extremely rapid deposition or seismic shock. Either 
the initiation of seismic activity or oversteepening in the source area might also explain the 
sudden input of slumps and turbiditic sandstones into the system, without any evidence for a 
change in bathymetry (section 5.7.2.2). 
5.7.1.5 	Section 3: Strivo 
The base of the Strivo section consists of 30 m of relatively massive limestone containing a 
wide variety of hermatypic, reef-building corals and bivalves inclucing pecten (Brunn, 1956). 
Unfortunately, it is relatively inaccessible due to its steep (70 0) dip and the resultant coral-rich 
scree. The top of the -limestone is extremely sharp and marks a pronounced lithological 
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change into the overlying siltstones which are dark and organic-rich (with several leaf-beds) 
yet contain interbedded shelly lags containing molluscan debris and benthic foraminifera. 
In the overlying 50 m section (exposed along the gorge cutting Strivo; Fig. 2.3), 2-3 m units 
of blue-green siltstone contain occasional in situ bivalves. They are cut by medium- to 
coarse-grained, sharp-based sandstone beds containing abundant reworked bioclastic 
molluscan debris and occasional symmetrical wave-ripples. One soft medium-grained 
sandstone unit 2.5 m thick contains abundant woody detritus and Tympanotonus 
margaritaceus. At the top of this section, the proportion of siltstone relative to sandstone 
increases so that only rare, 1-5 cm sandstone beds cut the siltstone-dominated section. 
However, at least two beds 1 m thick are almost totally formed of microfossils- predominantly 
Lepidocyclena- as well as bryozoa and Clypeaster echinoids. This section was not observed 
any further due to lack of access. 
5.7.1.6 	Interpretation of the Strivo section 
The coralline limestone dies out rapidly along strike (for example, it is not exposed at the 
northern end of Strivo; Fig. 3.12) and may be interpreted as a patch reef which formed in 
extremely shallow, well oxygenated open-marine conditions. The robust nature of most of 
the corals forming the reef suggests wave-energy was high. It is the only reef limestone 
developed in this part of the basin and its position was probably controlled by the foci of 
clastic input into the basin during initial subsidence. High clastic sedimentation rates probably 
prohibited reef growth elsewhere. 
The section overlying the limestone is interpreted as having been deposited in a marginal-
marine environment in partial connection with the open sea. Abundant organic material was 
deposited in relatively stagnant conditions, and the bioclastic, marine macro- and micro-fossil 
debris was probably introduced by storm wash-over, so sedimentation must have been near 
sea-level. The sharp contact at the top of the limestone marks a rapid environmental change. 
Possibilities for this might be the sudden introduction of clastic material into the system or a 
break in the connection with the open sea due to some form of barrier, leading to the 
development of lagoonal conditions. 
In the overlying section (exposed in the gorge; Fig. 3.12), the volume of green siltstones 
containing an in situ marine fauna increases up-section and the volume of organic-rich beds 
containing marginal marine fossils such as Tympanotonus margaritaceus decreases, until the 
section is finaflydominated by siltstone. This indicates a gradual increase in water-depth, 
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finally resulting in offshore conditions. Interbedded sandstones containing bioclastic debris 
and wave-ripples (most notably the 1 m thick lepidocyclina-rich bed) are interpreted as being 
tempestites. 
	
5.7.1.7 	Section 4: Orliakas 
This section occurs north-east of Orliakas, against which it is faulted (Fig. 4.5). However, the 
lack of limestone debris in the section indicates that the Orliakas fault did not form the basin-
margin during deposition of the Dotsikon Member and there is no evidence that it was active 
at this time. The whole of the lower section consists of interbedded siltstone and sharp-
based sandstones (Fig. 5.6). Near the base, several beds identical to those described above 
from the Strivo section consist almost totally of bioclastic lepidocyc/ina debris. In the 
interbedded sandstones, an in situ Clypeaster occurs and benthic microfossils are common. 
Throughout the rest of the section, sandstone beds are more typically 10-40 cm thick, 
medium-grained, well sorted, quartz-rich and contain both water-escape structures and rip-
up clasts. A few sandstone beds also contain detrital lignite. Transported molluscan debris is 
common, particularly of Tympanotonus margaritaceus, as is bioturbation. in situ molluscs are 
more rare, but include an oyster found encrusting the top of one bed. The siltstone units 
separating the sandstone beds are micaceous and in the lower part of the section several 
thin (2-4 cm) beds are also very rich in rafted woody detritus. Higher in the section fossil 
debris is less common and the transition into the upper Dotsikon Member is unexposed. 
5.7.1.8 	Interpretation of the Orliakas section 
Nummulites fichteli confirms that this part of the section is of L. Oligocene age (Table 2.4; 
plate 5.7E) which correlates it with the Dotsikon Member along Morave (section 5.6.1). Along 
with the presence of in situ oysters and Clypeaster, it is indicative of a shallow marine 
environment. However, the horizons of woody siltstone near the base of the section indicate 
deposition occurred relatively close to land. Virtually all the sandstone beds in the section are 
interpreted as tempestites. Their sharp bases, rip-up clasts and water escape structures 
indicate rapid deposition, but the reworking of the fauna found in the sandstone beds and 
the shalläw bathymetry indicates that they are unlikely to be turbidites. The concentration of 
Lepidocyclina in 1 m beds near the base of the section is also likely to be indicative of storm 
influence. Towards the top of this part of the section, the decrease in the amount of 
reworked fauna is interpreted as indicating an increase in palaeobathymetry. 
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Log of the Heptahorion and basal Pentalofon Formations in the Orliakas section 
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5.7.1.9 	Summary of the lower Dotsikon Member in the central MHT 
The base of the Dotsikon Member was deposited at or around sea-level in either a marginal-
or open-marine environment. The precise environment of deposition in the different 
sections depended on the loci of sediment input into the basin and the rate of subsidence 
versus sedimentation. In the four studied sections, the subsidence rate was greater than the 
sedimentation rate and consequently, pataeobathymetry increases up section. However, the 
ratio between the two rates varied in different sections, so that, for example, 
palaeobathymetry increased far more rapidly at Heptahorion (until epibathyal depths were 
reached; Barbieri, 1992) than at Dotsikon, where offshore offshore conditions were still 
prevalent at the top of the section. Overall, the rate of subsidence during the early Oligocene 
increased towards the centre of the basin at Heptahorion. 
The provenance of the Dotsikon Member as inferred from conglomerate at the base of some 
sections was still the Pindos zone (Fig. 5.1) but heavy mineral analysis (Zygojannis and 
Sidiropoulos, 1981a and b) indicates that the Pelagonian zone contributed an important 
component as well. Heptahorion Formation sediments deposited along the eastern margin 
of the central MHT are therefore likely to have been sourced from the Pelagonian zone but 
are now buried due to syn-depositional rotation of this part of the basin. 
5.7.2 	The upper Dotsikon Member 
5.7.2.1 	Section 1: Heptahorion 
The upper part of the holostratotype (450-1200 m in Fig. A1.8; Fig. 5.13) is lithologically 
continuous with the lower part, consisting predominantly of grey siltstones. Macrofossils are 
completely absent and Barbieri (1992) noted a decrease in the number of species of 
foraminifera. A final change in the microfauna occurs right at the top of the section, where the 
proportion of planktonic foraminifera increases to 80% of the assemblage (Barbieri, op. cit.). 
Medium-grained, well-sorted, quartz-rich sandstones 10-30 cm thick form less than 5% of the 
total sediment volume. Their basal flute, groove and prod marks form the bulk of the upper 
rose diagrams in Fig. 5.7. Occasional vertical burrows occur as well as Palaeodictyon. 
5.7.2.2 	Section 2: Dotsikon 
At the base of this section (500 m on Fig. 5.5), sandstone beds are typically 5-20 cm thick 
and have frequent grooves on their bases (forming the bulk of readings in the lower rose 
diagram in Fig. 5.7). However, some beds have leaf imprints preserved in the well-laminated 
upper parts of the bed. One slump was observed, containing asymmetrical folds which verge 
towards 3000. Interbedded siltstones still contain occasional small in situ molluscs. 
Towards the top of the section, the sandstone beds become thicker (typically 30-60 cm) and 
contain an increasing number of bivalves and gastropods which are often either in situ or little 
transported (with both valves intact). Several beds contain soft sedimentary deformation 
including dish structures (as observed in the lower part of the section; see above) and 
possible wave ripples. One section contains a series of spectacular soft sedimentary isoclinal 
folds 25 m thick which verge towards 320 0 (Fig. 5.5) and deform beds of sandy limestone 
with a diverse fauna of gastropods, bivalves and corals (Brunn, 1956). The corals include 
several unidentified solitary corals, a Faviid coral, a Musiid coral, a Plocoid faviid coral 
(probably Montastrea sp.), a Meandroid coral (probably Leptoria sp.), a branching acroporiid 
coral (probably Acropora sp.) and Antiguastrea lucasiana. This assemblage is similar to 
assemblages examined from stratigraphically correlative units at the base of the Kipourio 
Member which are discussed in section 5.9.4.3. The beds overlying the slump also contain 
abundant in situ molluscs and near the top of the section, a medium-grained sandstone bed 
contains detrital pieces of lignite 80 cm long. The section ends with thinly inter-bedded (1-2 
cm) siltstone and sandstone beds that Desprairies (1977) correlated with a similar unit at the 
top of the Kipourio Member holostratotype (see below). However, in the Dotsikon section 
the change into the overlying Pentalofon Formation is more gradual and further coral-bearing 
sandy limestone beds occur before turbiditic sandstones, (more typical of the base of the 
Pentalofon Formation), begin to dominate the section. 
	
5.7.2.3 	Section 3: Orliakas 
This part of the Dotsikon Member is exposed east of the Venetikos river and is lithologically 
very similar to the upper part of the Heptahorion section. It consists of unfossiliferous muddy 
siltstone cut by occasional fine-grained sandstone beds that become increasingly 
uncommon up-section. The contact with the Pentalofon Formation is sharp. 
5.7.2.4 	Summary and interpretation of the upper Dotsikon Member in 
the central MHT 
Both the Heptahorion and Orliakas sections clearly illustrate an increase in palaeobathymetry 
from the lower to the upper part of the section. Thernicrofossil content of the Heptahorion 
section was interpreted by Barbieri (1992) to indicate a lower epibathyal to neritic 
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environment of deposition for most of this section and an even deeper environment for the 
very topmost beds. Specific bathymetric index species indicate water-depths of up to 600 m 
(Barbieri, op. cit.) The presence of Palaeodictyon is typical of the Zoophycus trace-fossil 
assemblage which is associated with deposition in a slope environment (Seilacher, 1978), ie. 
in water-depths greater than 200 m but less than those associated with the Nereites 
assemblage. The occurrence of a 25 m slump at the top of the section along the Pevkos 
gorge may indicate less stable slope conditions but elsewhere slumps are uncommon in the 
Dotsikon Member. In sections between Morave and Orliakas (Figs. 2.3 and 2.4; Fig. 5.13), 
the increase in palaeobathymetry resulted in a lithological change from interbedded 
sandstone, conglomerate and siltstone to predominantly siltstone. However, the extent of 
deepening varied from an offshore environment at Morave to a lower epibathyal environment 
at Heptahorion. 
In this context, the upper Dotsikon section is anomalous and indicates that important local 
variations in palaeobathymetry were superimposed on the overall basin-wide trend of 
deepening from the ends to the centre of the basin. The occurrence of a variety of in situ 
molluscs and corals at various points throughout the section indicates that sedimentation 
kept up with subsidence to maintain deposition in relatively shallow conditions. Despite their 
interpreted shallow depth of deposition, the relatively constant orientation of groove and 
prod marks on the base of the sharp-based sandstone beds (Fig.6.7) is typical of turbidites 
rather than tempestites (Seilacher, 1982), as is the fact that the sandstones containing solO 
marks do not rework the abundant fauna. This fact, along with the soft-sediment structures in 
some beds and the presence of the mega-slump may indicate that the turbidites were 
triggered by earthquakes, although this remains highly conjectural. 
Ori et al. (1990) measured both pebble imbrication and sole marks from the Dotsikon Member 
in this part of the basin and inferred that palaeocurrents occurred in all directions. However, 
although the sole marks I measured were less well-orientated than those in the overlying 
Pentalofon Formation, it is probable that the initiation of the NW/SE (axial) palaeocurrent 
pattern prevalent throughout much of the Oligocene was already becoming established at 
this time (Fig. 5.7). This is clearly not the case for the basal Pogradec Member fanglomerates 
which fed sediment laterally into the basin, but applies mainly to the upper parts of the 
Dotsikon Member (Fig. 5.8). 
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5.8 	 The Dotsikon Member in the southern MHT 
The Dotsikon Member in the southern MHT was only briefly examined in a composite section 
near the villages of Mourgani and Kalambaka. These sections have previously been 
described and dated by Soliman and Zygojannis (1979b and 1980). No division into an 
upper and lower section is made here, unlike the Dotsikon Member further north, as no clear 
increase in palaeobathymetry or lithological change is recognised (see below). Although no 
angular unconformity exists between the Heptahorion Formation and Pentalofon Formation, 
the latter overlies different levels of the Heptahorion Formation in different places, indicating 
that some erosion must have occurred (Soliman and Zygojannis, 1979b). The thickness of 
the composite section is about 500-600 m and the lower part (near Mourgani) has been 
logged (Fig. 5.8). 
5.8.1 	 Lithological description 
The basal conglomerates are clast-supported, moderately sorted and have a sandy matrix. 
They are polygenetic, containing a mixture of metamorphic, limestone and ophiolite clasts 
(Fig. 5.1). The overlying section at Mourgani consists of interbedded sandstone, siltstone 
and clay. Marine molluscs and foraminifera occur above the basal 100 m of the section, yet 
occasional thin lignite horizons and clays interpreted by Soliman and Zygojannis (1979a) as 
being of fresh-water origin are also interbedded. Bioturbation and cross-bedding (in places 
bi-directional) is common in the sandstones, which are medium- to coarse-grained. 
The lower part of the Kalambaka section is stratigraphically equivalent to the upper part of the 
Mourgani section (Soliman and Zygojannis, 1979a and 1980). It consists of interbedded fine-
grained sandstones and mans which contain a marine fauna of bivalves and molluscs, but 
also a further lignite bed. This passes, up into marls containing abundant pecten and 
foraminifera and finally into medium- to coarse-grained, cross-bedded sandstones (Soliman 
and Zygojannis, op. cit.). 
5.8.2 	 Interpretation 
The basal section contains no fauna and is interpreted as having formed in a small alluvial fan 
or fan delta. Clasts were dominantly sourced from the Pelagonian zone (Fig. 5.14). 
Deposition of the rest of the section was largely in a shallow, gently subsiding marine 
environment, as indicated by th'&macro- and micro-fossil assemblage. The presence of thin 
lignite beds and possible fresh-water clays indicates that sedimentation occasionally 
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outpaced subsidence to create a short-lived marginal marine environment. Trough cross-
bedding is interpreted to have formed on the shoreface and bi-directional cross-bedding 
probably indicates tidal influence. Towards the top of the section, the coarse cross-bedded 
sandstones may correlate with those identified near the Ag. Theodori monastery to the 
south (section 5.2.3 and Fig. 3.17) which are interpreted as being of deltaic origin. 
In general, this section fits a regional trend apparent during the deposition of the 
Heptahorion Formation throughout the majority of the MHT; that of both decreasing 
palaeobathymetry and decreasing subsidence away from the basin centre at Heptahorion 
towards the basin ends in Albania and Thessalie. This trend excludes the Kipourio Member 
which is discussed below. 
5.9 	 The Kipourio Member 
5.9.1 	 Introduction and field relationships 
The Kipourio Member crops out in the Gulf of Krania (Fig. 4.2) where it unconformably 
overlies the Krania Formation of the Basin-margin Group (Brunn, 1956; Despraries, 1977) 
and is the lateral equivalent of the Dotsikon Member to the north-west and south-east 
(enclosure 1). It is attributed to a separate member due to the distinctive nature of its 
sediments; as exposed predominantly in its holostratotype along the Krania-Kipourio road 
(Fig. 4.2). Due to folding, the logged section (Fig. 5.9; Desprairies, 1977) is partially 
composite. This complete section and shorter sections from the less well exposed southern 
Gulf of Krania are discussed below. 
5.9.2 	Lithological description of the Kipourio Member 
holostratotype in the northern Gulf of Krania 
The holostratotype is discussed in terms of two cycles (Desprairies, 1977; Fig. 5.9) which are 
dominated by conglomerate at their base and pass up into interbedded sandstones, 
siltstones and (in the second cycle), further conglomerates. The two cycles are themselves 
organised into a series of smaller fining-upwards cycles. The first cycle is 450 m thick and the 




5.9.2.1 	Basal conglomerates (lower cycle) 
The basal conglomerates are clast-supported, moderately-sorted and broadly bedded on a 
1-2 m scale. Clasts are sub-rounded, composed of ophiolite and Cretaceous limestone (Fig. 
5.1; Desprairies, 1977) and clasts within the coarser layers average as much as 6-8 cm in 
diameter. The matrix is usually coarse-grained sandstone with variable clay content, which 
itself locally has a calcitic matrix. It is red in colour, but this colour is often concentrated along 
joints, suggesting that it is at least partially diagenetic. The ophiolitic clasts are also red and 
typically highly polished. Erosive bases to the conglomerate beds locally cut laterally 
discontinuous lenses of cross-bedded, medium- to coarse-grained sandstone. In total this 
section is 100-120 m thick (Fig. 5.9). 
5.9.2.2 	Sandstones and siltstones (lower cycle) 
The basal conglomerates pass upward into a poorly-exposed 10-20 m transitional section. 
Here, conglomerates are interbedded with coarse-grained sandstones containing low-angle 
cross-beds and ochre siltstones containing poorly-developed horizons of white calcareous 
nodules up to 5 mm in diameter. At the top of this, one of the nodule-bearing ochre 
siltstones contains rootlets and then passes up into a 60 cm bed of homogeneous limestone 
containing the gastropod Melanatria pyrena. 
The overlying section (130-310 m in Fig. 5.9) crops out in a series of discontinuous sections 
that are cut by minor faults, so the lateral relationships between outcrops are hard to discern. 
At its base, an outcrop 10 m thick exposes five pairs of alternating red and green beds 
consisting of micaceous siltstone (plate 5.413). Each cycle consists of a green siltstone bed 
(typically 80-150 cm thick) with extremely well-developed white calcareous nodules in its 
lower half (plate 5.4C). The overlying bed is red in colour and typically of similar thickness. 
Overlying this, further nodule-bearing siltstone units are interbedded with sandstone units 
(Fig. 5.10) and vary in thickness and degree of development. The first is 2.2 m thick and 
within the profile the concentration of the nodules increases toward the top of the section, 
where they are almost joined to form a continuous calcareous sheet. Compared to the 
nodules in earlier sections, these also form elongate, vertically aligned tubules. The 
interbedded sandstone units are up to 10 m thick and vary in internal structure. One is 
extremely massive and contains no fossil detritus or internal structure. Other units consist of 
20-30 cm beds rich in transported molluscan debris and rip-up clasts. At 27 m in the log, fine-
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surface contains rootlets. They are in turn overlain by a sharp-based sandstone unit 
consisting of coarse-grained, cross-bedded sandstone containing fragments of wood up to 
15 cm long as well as reworked Tympanotonus margaritaceus (plate 5.41D). A further section 
is logged in detail (Figure 5.11) in which the coarser-grained units include conglomerate, 
which fines upwards into cross-bedded, coarse-grained sandstone. In the topmost coarse-
grained sandstone unit, lined ophiomorpha burrows occur (plate 5.4A), as well as in situ 
bivalves. 
Approaching Kipourio (at the top of the first cycle; 310-450 m in Fig. 5.9) the lithology 
becomes more monotonous, consisting of interbedded blue-green fine- and medium-
grained sandstones and siltstones. This part of the section contains in situ fossils including 
corals, pecten and bryozoa (Desprairies, 1977) as well as abundant vertical burrows. The 
sandstones are sheet-like with little erosion and typically 10-20 cm thick. Towards the top of 
the section, thin siltstone beds contain further woody detritus parallel to bedding. 
	
5.9.2.3 	Basal conglomerates (upper cycle) 
This part of the section occurs in the area immediately around the village of Kipourio and 
consists of a series of conglomeratic units 1-5 m thick (Fig. 5.9). The lowest bed overlies 
siltstone containing woody detritus with a planar contact and consists of interbedded 
conglomerate and coarse-grained sandstone in which a log 2.5 m long occurs. In a 
stratigraphically higher exposure, two channels 25 m wide, with an erosive topography of 3 
m, cut into interbedded red/green siltstones and fine-grained sandstones containing further 
calcareous nodules (plate 5.50). The conglomerate is ciast-supported with a mean clast 
diameter of 2 cm and a maximum clast-size of 8 cm and consists of Cretaceous limestone 
(62%) and ophiolite (38%). Above the channels, further well-developed layers of calcareous 
nodules (plate 5.40) occur in green/red siltstones which contain rootlets at the top of the unit 
and are then overlain by 4 m of conglomerate. The conglomerates in the upper cycle are less 
continuous than in the lower cycle and occur in more discrete units interbedded with 
siltstones and sandstones (Fig. 5.9). 
5.9.2.4 	Sandstones and siltstones (upper cycle) 
As described above, the conglomerates at the base of the upper cycle are interbedded with 
nodule-bearing siltstones. As the conglomerates disappear from the sequence up-section, 
there is a return to the small-scale cyclicity observed in the lower cycle. Siltstones are again 
rich in woody detritus and are occasionally interbedded with thin Iignit'e bands, but 
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calcareous nodules are less common. The sandstone beds overlying them are coarse-
grained, sharp-based and sometimes cross-bedded. One smaller, laterally discontinuous 
prograding sandstone bedform 30 cm high is interbedded with and onlapped by lignite-
bearing siltstones. A single slump also occurs, with the asymmetrical fold verging towards the 
west. This sense of asymmetry is the opposite of what one might expect in a delta sourced 
from the west, but may have been rotated during syn-slump rotation (in a similar manner to 
slump rotations described by Woodcock, 1979). There is a gradual change to interbedded 
grey-green sheet sandstones and siltstones containing in situ open-marine molluscs (as 
found at the top of the lower cycle) and then a bed at least 2 m thick consisting of matrix-
supported silty conglomerate (710 m in figure 5.9). Gastropods occur both in the siltstone 
matrix and in transported pods of siltstone up to 30 cm long. This bed is overlain by thinly 
interbedded (5 cm thick) siltstones and fine-grained sandstones before the section is 
unconformably overlain by flat-lying Plio-Pleistocene deposits of the Grevena Formation 
(plate 5.513). 
5.9.2.5 	Conglomerate and thin-bedded siltstones and sandstone; the 
top of the upper cycle 
The Grevena Formation is estimated to unconformably cover around 180 m of the Kipourio 
Member in the road section (plate 5.513; Fig. 3.22), after which units of inter-bedded 5-10 cm 
siltstones and fine-grained sandstones are interbedded with coarse-grained sandstone and 
conglomerate (Fig. 5.9). This section is highly disrupted by normal faults, so the section is 
discontinuous. The conglomerates at the base are clast-supported and consist of massive 
beds up to 8 m thick which dominantly consist of clasts of Cretaceous limestone and 
ophiolite, but also contain a lesser number of metamorphic clasts of Pelagonian origin. Clasts 
are up to 40 cm in diameter and have a sandy matrix. These pass up into a chaotic matrix-
supported conglomerate 10 m thick (Fig. 5.9) containing distributed, well-rounded 1-2 cm 
clasts of Cretaceous limestone and deformed semi-intact pods of siltstone. The siltstone 
matrix forms over 90% of this bed and is rich in mollusc and coral debris. Above further thin-
bedded sandstones and siltstones, a further matrix-supported bed contains 'clasts' at least 
3.5 m long of consolidated coarse-grained sandstone and siltstone in a chaotic fossil-rich 
siltstone matrix (plate 5.5A). Finally, the section ends with 60 m of thin-bedded sandstone 
and siltstone (as below) containing common organic detritus, mollusc debris and a nautilus. 
The base of the sandstone beds (2-5 cm thick) are sharp and occasionally slightly erosive. At 




5.9.3 	Interpretation of the Kipourio section 
The Kipourio Member holostratotype is interpreted as a deltaic sequence. Each of the two 
main cycles is interpreted in terms of the transition from non- or marginal-marine conditions to 
shallow-water marine conditions and finally, at the top of the second cycle, to deeper-water 
conditions. The input of a large amount of clastic material into the basin is reflected in the 
thickness of the section (1100 m according to my estimates but as much as 1500 m 
according to Desprairies, 1977). This thickness is similar to that of the Heptahorion section in 
the centre of the basin (Fig. 5.13), which was deposited in a more distal, deeper-water 
environment. 
5.9.3.1 	Basal conglomerates of the first and second cycle 
The conglomerates and cross-bedded sandstones at the base of the first cycle are 
interpreted as having been deposited in an alluvial fan environment. Clasts are locally derived 
from the Pindos Ophiolite and its cover. The polished red colour of the ophiolitic clasts and 
the red colour of the sandstone (even if partly diagenetic) suggests deposition in terrestrial 
conditions and this part of the section is probably laterally equivalent to Pogradec Member 
alluvial fans developed elsewhere along the basin margins during early subsidence (Fig. 
5.14A). The predominance of conglomerate and sandstone relative to siltstone suggests 
deposition was in the proximal or mid-fan area. 
Above this, the interdigitation of conglomerates and sandstones with siltstones appears to 
mark the transition from the mid to outer fan environment. The calcareous nodules within the 
siltstones are clearly of sub-aerial pedogenic origin, as discussed below, and are interpreted 
as forming in the interdistributary area between supra-fan channels. The presence of 
limestone containing Melanatria Pyrena (a freshwater gastropod) also indicates the temporary 
development of freshwater lakes. 
The conglomerates at the base of the second cycle contain logs up to 2.5 m long and are 
clearly of fluvial origin. At their base, they overlie sandstones and siltstones interpreted as 
shallow-marine deposits. However, rapid sediment input at this time is interpreted as having 
resulted in progradation, which brought the delta-top above sea-level again with the result 
that later channelised conglomerates eroded palaeosols in a sub-aerial environment. The 
overlying section was then deposited on the delta-top, at or near sea-level as observed in 
the first cycle (see below). 
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5.9.3.2 	Interdistributary delta-top deposition; palaeosols and lignites 
The development of alternating red and green siltstone beds with profiles of calcareous 
nodules in varying stages of development indicates prolonged pedogenesis due to 
evaporation at the surface, resultant capillary action and leaching. The development of 
identical caliche soils or caicretes occurs today in modern semi-arid regions (Leeder, 1975). 
Palaeosol profiles from different parts of the section are similar to type A and type B stages of 
development, as recognised by Allen (1974) in the Old Red Sandstone of Wales, where the 
nodules in the type B profiles are elongate and densely packed. However, it remains 
uncertain whether the red colour of the siltstones is the original sediment colour which was 
reduced to green in some horizons due to leaching. If this is the case, the green horizons 
probably formed above the red (parent) siltstones in each palaeosol profile, as observed in 
the ferralitic and ferruginous palaeosols of the Westphalian coal-measures (Glover et al., 
1993). The micaceous siltstones in which the soils developed are interpreted as overbank 
deposits. The nature and thicknesses of similar palaeosols to those observed in this section 
are interpreted by Leeder (1975) to take around 10,000 years to develop. Where several are 
observed stacked above each other, the formation of each soil horizon must be terminated 
by a period of relatively rapid overbank sedimentation which buries the older palaeosol and 
initiates the formation of a new one, nearer the surface. This interpretation contrasts with that 
of Despraries (1977) who considered these beds to be the result of erosion and submarine 
redeposition of palaeosols originally deposited on the Pindos Ophiolite. 
Within the interdistributary areas, organic-rich, woody siltstones also developed along with 
lignites, indicating that vegetation was common. The woody material and lignite is interpreted 
as having been deposited in a shallow sub-aqueous marginal marine environment which 
developed in submerged parts of the interdistributary delta-top. This is compatible with the 
presence of both rootlets and Tympanotonus margaritaceus and, importantly, illustrates that 
both semi-arid palaeosols and lignites developed at differrent locations on the same delta. 
The bedform that is onlapped by interdistributary siltstone (section 5.9.3.4) is interpreted as 
the result of sedimentation at a crevasse splay, where the bedload is rapidly deposited as the 
river water becomes instantaneously unconfined in the interdistributary area. 
Throughout the sections in which these deposits occur, the interdistributary facies are more 
common than the distributary fades themselves. This is contrary to the assumption of some 
authors that overbank deposits form a volumetrically minor part of fluvial successions (Miall, 
1978b). In contrast, Hayward (1982) described a succession from the Kasaba Formation 
(Tort(inian). in south-west Turkey in which overbank deposits form the majority of the 
sequence. Following the original model of Friend (1978), he proposed that thick overbank 
deposits will form provided that sufficient lateral spread of suspended fine sediment occurs 
during flood events. This is most likely if there is extensive lateral movement of large active 
channels (Friend, op. cit.) and may also have been the case in this section. However, due to 
the limited exposure (a single road section) the channel facies itself is rarely encountered. 
5.9.3.3 	Small-scale cyclicity within the Kipourio section and relative 
changes in sea-level 
The interdistributary siltstones described above are interpreted as having formed in a delta-
top environment, very close to sea-level. This is indicated by the presence of an open-
marine fauna which interdigitates with the marginal-marine sediments of the delta-top. In the 
cycles described above (which occur on a 10 m scale). the overbank deposits are overlain by 
sharp-based, but unchannelised sandstones. The sandstones are therefore not interpreted 
as a channel-fill facies. Where the sandstones are 20-40 cm thick and contain abundant 
reworked Tympanotonus margaritaceus or open marine molluscs, they are interpreted as 
storm wash-over deposits laid down in areas of otherwise largely non-marine deposition. 
In other cases, the sandstones contain abundant detrital organic material (e.g. the sandstone 
unit at the top of Fig. 5.10, which contains lignite fragments 15 cm long). These are clearly of 
terrestrial origin yet they overlie marginal marine, delta-top siltstones. They are therefore 
interpreted as sheet sandstones that were deposited due to a relative lowering of sea-level 
(similar to the interpretation of Plint, 1988, which was made in a more distal environment). In 
contrast, other sharp-based sandstone units overlying interdistributary siltstones (e.g. at the 
top of Fig. 5.11) contain Ophiomorpha burrows and in situ marine bivalves, indicating 
transgression and a landward shift in facies. These are interpreted as shoreface sandstones 
which overlie the marginal-marine siltstones above a marine ravinement diastem (Nummendal 
and Swift, 1987). This occurs due to shoreface retreat resulting from a relative rise in sea-
level. 
The small-scale cyclicity is therefore interpreted as the result of relative changes in sea-level. 
Although the scale on which this occurs is more commonly associated with autocyclic 
mechanisms, the extremely low-gradient of the interpreted delta-top and its position very 
close to sea-level would only require minor changes in sea-level to occur which might reflect 
short-term more regional changes in sea-level. Such oscillations are also detected in the 
lower Dotsikon Member shoreface sediments along Morave (section 5.6.2) and in shallow- to 
marginal- marine Rupelian sediments from northern Italy (Bosselini and Trevisani, 1992). In 
am 
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the latter section, cyclicity between coral-rich many horizons and grainstones occurs on a 
scale of 3-35 m and is interpreted by the above authors as the result of hydrodynamic 
changes resulting from small eustatic sea-level changes of the order of 20-50 m occurring 
every 400-500 Ka. 
	
5.9.3.4 	Open marine sedimentation 
At the top of the first cycle, the rate of subsidence was greater than that of sedimentation, 
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the marginal-marine delta-top became submerged and deposition continued in an open-
marine, delta-front environment. However, open marine deposition was again terminated by 
renewed fluvial input at the base of the second cycle. During the deposition of the second 
cycle, subsidence again resulted in the transition from marginal marine to open marine 
conditions. However, unlike the first cycle, subsidence resulted in delta drowning and the 
upper part of the section is interpreted as being of deeper-water origin (Desprainies, 1977). 
The thin-bedded siltstones and sandstones towards the top of the Kipourio Member are 
interpreted as being low-density turbidites (Desprairies, 1977) but they first appear overlying 
relatively shallow-water shelfal sediments (700 m in Fig. 5.9). Despite the shallow water-
depths, slope instability of some form is already clear from the interbedded matrix-supported 
debris-flow conglomerate. Towards the top of the Kipourio section, the interbedded clast-
supported conglomerates are interpreted as high-density turbidites and the matrix-
supported beds as further debris-flow units. These mass-flow deposits may have been 
triggered as transgression occurred and nearshore processes destabilised alluvial deposits 
on the delta top which were then redeposited, mantling the drowned delta. The cause of 
delta drowning at the top of the Kipourio Member is unknown. A relative increase in sea-level 
during the deposition of the upper Heptahorion Formation is apparent for most of the central 
MHT (from Morave to the Gulf of Krania) so the transgression may be partly viewed as the 
result of regional subsidence. However, delta drowning in this area is also likely to be the 
result of avulsion and delta switching (Elliott, 1986a). 
5.9.4 	The KipouriO Member in the southern Gulf of Krania. 
Sections within the Kipounio Member south of the holostratotype were only briefly examined, 
in part due to poor exposure. They include sections in a KipourlO Member outlier overlying 
the Krania Formation (Fig. 3.5) and around the villages of Kakoplevre and Katafigion (Figs. 
3.5 and 3.6): Although the base of the sequence has some similarities with the 
holostratotype, the majority of the sequence is open marine and the section exhibits many of 
the features observed in the Dotsikon Member sections. However, the area was not 
examined in detail and occurs within the Gulf of Krania, so is attributed to the Kipourio 
Member. 
5.9.4.1 	Fades associations 
In the Kipourlo Member outlier, the base of the section consists of ophiolitiC breccio-
conglomerate (at least 5 m) which is overlain by dark siltstones containing at least one 10 cm 
lignite horizon. Above this, a molluscan fauna typical of the Heptahorion Formation occurs 
(including TympanotoflUS margaritaceUS and MegatylotuS crassatiflUS; 
plate 5.2) which is 
similar to the fauna found at the top of the Drenove Member coal measures, along Morave. 
Approximately along strike, interbedded red and green siltstones contain calcareous 
pedogenic nodules. The sediments in the outlier are cut by a series of normal faults (chapter 
3). 
At Kakoplevre, along the southern margin of the Gulf of Krania, the Pindos Ophiolite is 
onlapped by a locally developed coarse ophiolitic breccia (Brunn, 1956; section 3.2.3; Fig. 
3.6). The breccia is unfossiliferous, lithologically identical to breccias developed at the base 
of the Krania Formation and very different from the overlying shallow-marine sediments. A 
• palaeosol also occurs along the contact between the two indicating a break in the deposition 
of the two units. Although it seems possible that the breccia is therefore part of the Krania 
Formation, there is no angular unconformity between them, so it is taken to be part of the 
Kipourio Member, following Brunn, (1956). 
Both clast-size and bedding thickness decrease away from the faults south of Kakoplevre, 
suggesting that the faults may have been active during deposition. South-east of the village, 
clasts reach 1.5 m in diameter and are highly angular (plate 5.3A) but further north are slightly 
more rounded and always less than 50 cm in diameter. The clasts are often red or orange in 
colour, suggesting sub-aerial weathering prior to deposition. 
The overlying sequence is locally exposed in a series of isolated sections. Along the road 
east of Kakoplevre (Fig. 3.6), several purple clay-rich horizons contain calcareous pedogenic 
nodules, but elsewhere in the Kakoplevre area shallow-marine molluscs are associated with 
cross-bedded sandstones and siltstones. Corals also occur, both near Kakoplevre and 
Katafigion (Georgiades-DikeOulia etal., 1979), where they grew on a silty substrate that was 
clearly very different from the patch-reef developed at the foot of Dotsikon. The corals from 
these localities are considered further below. A section logged along the road 2.2 km east of 
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Plate 5.12 
Kakoplevre (Figs. 5.12 and 3.6) contains abundant trough cross-bedded sandstones, both 
in situ and transported molluscs, transported organic detritus and one lignite horizon. At the 
top of this section, a chaotic sandstone unit 8 m thick occurs. 
	
5.9.4.2 	Interpretation of the Kipourio Member in the southern Gulf of 
Krania 
The coarse breccias at Kakoplevre are interpreted as the result of small, high-relief alluvial/ 
scree fans that developed at the foot of syn-sedimentary faults. As discussed in chapter 3, 
the pattern of faulting in this area is interpreted as being of sinistral strike-slip origin. Breccias 
of this thickness (at least 30 m) and coarseness are only developed along the southern basin 
margin and in other areas (e.g. the outlier in the southern Gulf of Krania) the basal sequence 
has more similarities with the marginal-marine delta-top interdistributary facies of the 
holostratotype. 
In the outlier described (Fig. 3.5), only a thin succession of basal conglomerate occurs This 
and the presence of several coral communities in the Katafigion/ Kakoplevre area (Figs. 3.5 
and 3.6; Georgiades-Dikeoulia et al., 1979) suggest that sediment input into this part of the 
basin was considerably less than in the northern Gulf of Krania. Furthermore, despite the 
presence of several palaeosols near the base of the sequence and one lignite bed (Fig. 
5.12) the majority of the sequence was deposited in a stable, shallow-marine environment 
compared with the deltaic setting further north. The absence of a very low-gradient delta-top 
setting may be why no small-scale cyclicity was detected in this section. 
5.9.4.3 	The coral fauna of Kakoplevre and Katafigion 
Georgiades-Dikeoulia et al. (1979) identified a number of corals and molluscs from localities 
near Kakoplevre and Katafigion . They suggested that the fossils are of Middle Miocene age 
and had not evolved by the Oligocene. This has important implications for the evolution of 
the MHT as the majority of the Meso-Hellenic Group was deposited during the Oligocene to 
early Miocene. Also, in the central part of the basin, depocentre migration occurred towards 
the north-east, whereas these outcrops occur along the south-western margin of the basin. 
Their localities were therefore revisited and further samples were collected and examined. 
Some of the original identifications were also checked using Chevalier (1961) as a reference 
(which Georgiades-Dikeoulia etal., 1979, also used). A number of possible misidentifications 
and incorrectly attributed ages may have been made by the latter authors, as listed below. 
MM 
Tarbellastrea ellisiana is of Aquitanian-Burdigalian age (Chevalier, op. cit.) but not 
found in the M. Miocene (c.f. Georgiades-Dikeoulia et al., op. cit.). The sample examined by 
Georgiades-Dikeoulia et al. (op. cit.) may therefore be a misidentified Antiguastrea sp. which 
is a similar coral, but of Rupelian age (see below). 
Actinastrea (Georgiades-Dikeoulia etal. op. cit.; their Fig. 5) doubtfully occurs as late 
as the Miocene (Chevalier, op. cit.), contradicting the former authors age interpretation. 
Plesiastrea desmoulinsi has a calice diameter of 2-4 mm (Chevalier, op. cit.) but in the 
photo of Georgiades-Dikeoulia et a! (op. cit.) has a diameter of 4-6 mm (with x2 scale taken 
into account). The identification is therefore dubious. 
Palaeop!esiastrea inequalis has a calice diameter of 1.5-2.3 mm (Chevalier, op. cit.) 
but in the photo of Georgiades-Dikeoulia eta! (op. cit.) has a calice size of 6 mm (with x2 scale 
taken into account). The identification is therefore again dubious. 
The newly examined corals from the same localities, were identifiable to different degrees of 
precision (plate 5.6). Of these, Antiguastrea lucasiana was clearly identified and a branching 
poritid coral was probably Actinacis rollei (although it was not definitely identified due to poor 
preservation). Both are restricted to the Oligocene and are typical of siltstone substrates from 
the Rupelian of northern Italy (Bosellini and Trevisani, 1992; Pfeister, 1977). The latter is 
clearly differentiated from the slightly smaller-caliced Tarbe!!astrea (of Miocene age) by the 
elongate shape of the central part of its corallite which is.clearly seen in plate 5.60. 
The coral fauna is therefore reinterpreted as being of Oligocene age which agrees with the 
dating of fossils in other laterally equivalent Dotsikon Member sections. The fauna is also 
similar to that collected from the 25 m slump at Dotsikon (section 5.7.7.2). No molluscs were 
identified from the localities of Georgiades-Dikeoulia et a! (op. cit.) but the molluscs at the 
base of the Kipourio Member outlier described above are typical of the Heptahorion 
Formation found elsewhere in the MHT and dated by Pashko (1977) as being of Rupelian 
age along Morave. 
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5.10 	 Conclusions 
Initial subsidence of the MHT in the L. Oligocene is marked along much of the basin by a 
series of alluvial fans and fan deltas of varying size (the Pogradec Member and base of the 
Kipourio Member; Fig. 5.14A). Further from the basin-margins, residual sub-aerial palaeo-
topography was infilled by the Drenove Member coal measures. Subsequently (but still in the 
Rupelian), marginal marine, alluvial fan sedimentation continued along the north-eastern 
margin of the MHT in Albania, but transgression occurred elsewhere in the basin. In most 
areas the rate of subsidence was greater than the rate of sedimentation, so deposition was 
largely in a shallow sub-marine environment (the lower Dotsikon Member). However, where 
subsidence was less (e.g. the Lozhan Member coal measures) or sediment input was 
particularly high relative to subsidence (the Kipourlo deltaic section) deposition occurred in 
marginal marine conditions (Fig. 5.14B). In several sections that are interpreted as having 
been deposited close to sea-level (e.g. the basal Dotsikon section along Morave and the 
Kipourio Member holostratotype) small-scale cyclicity is interpreted as the result of short-term 
relative sea-level fluctuations. These have also been interpreted from Rupelian sections in 
northern Italy (Bosellini and Trevisani, 1992). 
Broad basin-wide trends in subsidence and palaeobathymetry that continued through much 
of the Meso-Hellenic Group were initiated in the Heptahorion Formation. Subsidence 
generally increased from the ends of the basin to the basin centre (around Heptahorion) with 
proportional change in section thicknesses (Fig. 5.13). For example, a thickness of around 
350 m at Lozhan or of 340 m along Morave increases to a maximum of 1200 m at Heptahorion 
and then decreases to 500 m near Kalambaka. In detail, this trend is inaccurate, as for 
example the Kipourio Member holostratotype is 1100 m thick. However, the thickness of the 
latter section is due to the input of a particularly large volume of sediment in a deltaic 
environment and subsidence is still interpreted as been considerably less than in the 
Heptahorion section, where, 1200 m of sediment accumulated in a more distal setting while 
maintaining a palaeobathymetry of several hundred metres for much of the Oligocene (Fig. 
5.14B). Furthermore, the more siltstone-dominated Heptahorion section will have 
compacted more than the Kipourio section. As with sediment thickness, the 
palaeobathymetry broadly increased from the basin ends (shallow- to marginal-marine in 
Albania and around Kalambaka) to up to five hundred metres water-depth near Heptahorion 
(Barbieri, 1992a). However, the marginal-marine delta-top environment of the Kipourio 
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Plate 5.14 
At the major loci of sediment input into the basin, either fan deltas/ alluvial fans or deltas 
developed (the Pogradec Member holostratotYpe, the DotsikOn Member holostratotYPe and 
the KipouriO Member holostratotYPe). Elsewhere, stable shallow-marine shelf al to offshore 
conditions prevailed. In the central MHT, siltstone is interbedded with more catastrophic 
"event" horizons of sandstone that are either tempestiteS (e.g. at Orliakas) or turbiditeS, 
possibly triggered by earthquakes (e.g. at Dotsikon). Along the northern and southern 
segments, sediment input was mainly from the Pelagoniafl zone, while along the western 
margin of the central segment, it was derived mainly from the Pindos zone, although an 
important Pelagonian component is indicated by heavy mineral analysis (Zygojannis and 
SidiropOUloS, 1981 a and b). Although sediment was initially introduced along the basin-
margins by fan deltas and deltas, an axial palaeocurrent pattern began to develop during the 
deposition of the upper Dotsikofl Member. The HeptahOrion Formation sediments 
deposited along the original eastern margin of the eastern segment (now buried due to 
depocentre migration; Fig. 5.14) were probably sourced from the PelagOnian zone, but this 
cannot be proved without boreholeS. 
The rate of subsidence in the central segment of the basin was therefore generally greater 
than the rate of sedimentation, with the result that p
alaeobathymetrY increased from the 
deposition of the lower DotsikOfl Member to the deposition of the upper Dotsikon Member. 
During this time the rate of subsidence was less at the basin ends where marginal marine and 
stable shallow-marine conditions continued throughout the Oligocene. 
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Chapter 6: The Pentalofon Formation 
	
6.1 	 Introduction 
The Pentalofon Formation is preserved over almost the whole length of the Meso-Hellenic 
Trough (MHT). It ranges from Chattian to (?)L. Aquitanian in age and comprises a wide variety 
of sedimentary facies and environments whose palaeobathymetric variations indicate the 
geometry of the basin, parallel to its axis (enclosure 1). The basin geometry is also picked out 
by variations in the thickness of the formation and palaeocurrents throughout the basin. Clast 
provenance indicates the primary source of sediment for the formation, which has important 
implications for models of basin development. The constituent members are described and 
interpreted, starting in Albania and moving progressively towards the south-east. 
6.2 	 Justification of the position of the base of the 
Pentalofon Formation 
The Pentalofon Formation was first named and described by Brunn (1956), based on an 
examination of the Heptahorion-Pentalofon cross-section in the centre of the basin. The 
basal succession in this section is characterised by conglomerates and coarse-grained 
sandstones of mainly Pelagonian provenance, which overlie siltstones of the Heptahorion 
Formation. This contact can be mapped throughout most of the central segment of the basin 
(Ori eta!:, 1990). 
Along Morave, siltstones of the Dotsikon Member (Heptahorion Formation) clearly correlate 
with similar sections to the south (chapter 5). They are gradationally overlain by 150 m of 
sandstone (the basal Plaza Member) and the first conglomerate does nor appear until the 
base of the Gurit Te Kamies Member (Fig. A1.3; enclosure 1). However, the base of the 
Pentalofon Formation is interpreted as the base of the Plaza Member (Fig. 2.6) due to the 
input of relatively coarse-grained sediment at this point and because both the top of the 
Heptahorion Formation and the base of the Plaza Member are interpreted as being Chattian 
in age (Pashko, 1977), which is the well-dated age of the base of the Pentalofon Formation 
in the central MHT. Further north, the contact between the Pentalofon Formation and 
Heptahorion Formation cannot be distinguished because it is interpreted as occurring within 
a coarse-grained alluvial fan sequence (the Pogradec Member; section 5.2.2; enclosure 1). 
South-east of the Heptahorion-Pentalofon cross-section, the base of the Pentalofon 
Formation is clearly marked by the input of conglomerate in the Venetikos cross-section (Fig. 
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2.4; inset 3; Desprairies, 1977) and in the southern MHT, is correlated with the wholly 
conglomeratic Meteora Member which overlies siltstones and sandstones of the 
Heptahorion Formation (Brunn, 1956; IFP, 1962; Ori and Roveri, 1987; inset 1). In the latter 
area, the Meteora Member is unconformably overlain by the Tsotillion Formation and it is not 
known in detail how the Meteora Member correlates with the Pentalofon Formation further 
north. 
In summary, the base of the formation is typically marked by the occurrence of conglomerates 
or coarse-grained sandstones above siltstones of the Heptahorion Formation. The only 
exception to this is the Pogradec Member holostratotype, north of Morave, where both the 
Heptahorion and Pentalofon Formations are coarse-grained. An interpretation of the cause 
of this sudden coarse-grained clastic input is made after the description and interpretation of 
the various individual members (section 6.13). 
6.3 	 The upper Lozhan Member (upper coal measures) 
6.3.1 	Field relationships 
The Lozhan Member forms part of both the Heptahorion Formation and the Pentalofon 
Formation. However, the upper and lower parts of the member do not directly overlie one 
another and the holostratotypes are entirely separate; the lower section was described and 
interpreted in section 5.4. The upper Lozhan Member crops out in the Moker syncline 
(enclosure 2) and its holostratotype immediately overlies the Pogradec Member 
holostratotype where it was briefly examined in a road-section west of Pogradec. The 
overlying sandstones and conglomerates in this section are interpreted as part of the Gurit 
Te Kamies Member, so both the top of the Pogradec Member and the upper Lozhan 
Member are interpreted as the lateral equivalent of the Plaza Member across Morave 
(enclosure 1). 
6.3.2 	Sedimentary description and interpretation 
The upper Lozhan Member is around 500 m thick and consists of interbedded sandstone, 
siltstone and coal (Fig. A1.1). The sandstones are typically medium-grained, moderately 
sorted, quartzose and either relatively massive or cross-bedded. Many beds contain detrital 
organic material, and ripple-marks were occasionally observed in finer-grained horizons. 
Siltstones are less common than sandstones, but often rich in organic detritus. There are 
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thirteen coal horizons within the sequence, of which three are economic (P. Pashko, pers. 
comm.). These contain a fauna of molluscs including Melanopsis sp., Tympanotonus sp., 
Terebralia sp. and oyster fragments. Further south-east in the basin (but still north of 
Morave), the coal - seams become both thinner and less numerous and a fauna including 
Lepidocyclina sp. is found between the coals. 
Interpretation: In the holostratotype, the molluscan fauna and coal horizons indicate 
deposition in a marginal marine environment. The high quartz content of the sandstones 
indicates the likelihood of a Pelagonian zone source, and the organic content of the 
sandstones and siltstones indicates the proximity of in situ vegetation. The upper Lozhan 
Member is therefore interpreted as a delta-top facies. Cross-bedded sandstones are 
consistent with fluvial deposition, although exposure is not as good as in the lower Lozhan 
Member holostratotype and no channels were observed. The environment becomes more 
distal to the south, where the presence of Lepidocyclina between thinner and less common 
coal horizons is due to fluctuation between open-marine and marginal marine conditions. 
Even further south, permanently open-marine conditions occurred along most of the length 
of Morave (enclosure 1). 
6.4 	 The Plaza Member 
6.4.1 	Field relationships 
The Plaza Member is interpreted as forming the base of the Pentalofon Formation along 
Morave. It is laterally equivalent to the top of the Pogradec and the upper Lozhan Members in 
the north-west and to the Talieros Member in the south-east (enclosure 1). It was examined 
in three sections across Morave (Plaza, Bradvice and Dardhe; Fig. 2.3), but only the base of 
the member is present in the latter section due to faulting. 
6.4.2 	Lithological description 
In the Bradvice section (Fig. A1.2), the basal contact with the Heptahorion Formation is 
gradational, comprising two sandstone units interbedded with relatively homogeneous 
siltstone over 50 m. The basal sandstone is fine- to medium-grained, homogeneous and 
contains groove-marks orientated at 135/315 0 (i.e. parallel to the basin axis). The higher 
sandstone unit contains abundant plant debris and forms a broad convex-upward structure in 
cross-section, thinning from 4.5 m to 50 cm in thickness over 100 m. 
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Apart from the two beds described below, the base of the Plaza Member is marked by an 
increase in the number and thickness of sandstone beds relative to those of siltstone. 
However, throughout most of the section, sandstone beds do not exceed 40 cm in 
thickness and typically have sharp but tabular bases. Benthic micro-fossils (including 
Eulepidina sp.) are common throughout the section, as is woody detritus. Several leaf 
imprint, occasional cross-bedding and one set of symmetrical wave-ripples were also 
observed. Macro-fossils include occasional shallow-marine molluscs (Pashko, 1977) 
distributed throughout the majority of the sequence. However, at the base of the member in 
the Plaza section, several lignite beds are interbedded with cross-bedded sandstones and 
are associated with a marginal marine fauna (Fig. A1.2). 
500 m above the base of the section, the Plaza Member fines from sandstone to siltstone 
(Fig. A1.3) and becomes lithologically similar to the underlying siltstones of the top of the 
Heptahorion Formation. However, it still contains macro-fossils including Turitella 
desmaristina sp., Zonaria sp., Dentalium sp., Chamys sp., Scutella sp. and small solitary 
corals. Benthic micro-fossils are still common, but higher in the sequence, planktonic micro-
fossils occur for the first time (P. Pashko, pers. comm.). One thin interbedded sandstone 
bed contains flute-marks indicating traction currents flowing towards 183 0 . 
6.4.3 	. 	Lithological interpretation 
The observed fauna in the lower, coarser-grained half of the Plaza Member in the Bradvice 
section indicates deposition in a shallow-marine environment (probably less than 20 m water-
depth). This is supported by the presence of wave-ripples, (indicating deposition above 
storm wave-base), the convex-upward structure of a sandstone bed (interpreted as a sand-
wave) and the abundance of organic detritus, including leaf imprints. The environment of 
deposition is interpreted to be more proximal than that of the underlying Heptahorion 
Formation siltstones, hence it represents a basinward shift in facies and may be interpreted 
as a sequence boundary. Further north, in the Plaza section of Morave, coals were 
deposited in marginal-marine conditions that temporarily prevailed at the base of section. The 
sharp bases of most of the sandstone beds suggest that they were deposited from traction 
currents, and the two observed sole-marks indicate approximately axial flow towards the 
south or south-east. However, the presence of cross-bedding in some beds is probably due 
to reworking by bottom currents. They are interpreted as sheet sandstones, deposited in a 
delta-front environment. Clastic detritus was probably fed laterally into the basin from the 
Pelagonian zone further north, and then transported axially south-eastwards. This setting 
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represents a more distal environment that those of the Pogradec/ Lozhan members to the 
north. 
The gradation from interbedded sandstones and siltstones to siltstone is interpreted as 
representing a relative increase in sea-level, as suggested by the appearance of pelagic 
micro-fossils. This may either have been the result of a eustatic sea-level rise or an increase in 
local subsidence, and is interpreted as having decreased the amount of clastic detritus 
reaching the delta-front due to flooding of the delta-top. 
6.5 	 The Gurit Te Kamies Member 
6.5.1 	Field relationships and sedimentological description of the 
Gurit Te Kamies Member in the Pogradec section 
The Gurit Te Kamies Member (GTK Member) crops out throughout the northern segment of 
the MHT, overlying the Lozhan Member in the core of the Moker syncline and the Plaza 
Member along Morave. It is interpreted as correlating with both the Voion and Kridari 
Members to the south-east (enclosure 1). 
In the section west of Pogradec, the section comprises conglomerate and medium- to 
coarse-grained sandstone (Fig. A1.1). The conglomerates are all clast-supported with a 
sandstone matrix and in general relatively chaotic, with little clast orientation. Nearer the base 
of the section, clasts reach a maximum of 30 cm in diameter and beds are relatively massive. 
Their bases are often erosive and several cross-cutting channels were observed with incision 
of up to 5 m and a width of 25 m. Higher in the section, the conglomerates generally tend to 
be finer-grained and throughout the section they comprise clasts composed of limestone, 
metamorphic and ophiolitic lithologies (Fig. 6.1). The sandstones are commonly quartzose, 
cross-bedded and often only found in discontinuous lenses due to erosion by 
conglomerates. In some beds, in situ macro-fossils occur, including Clypeastersp. 
6.5.2 	Sedimentological description of the Gurit Te Kamies Member 
along Morave 
The GTK Member is best exposed along Morave in the Bradvice section (Fig. 2.3; A1.3). This 
section can be divided into two coarser-grained units of conglomerate, which are separated 
by siltstone. The basal conglomerates are 70 m thick and comprise well-rounded clasts with a 
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mean diameter of 1 cm and a maximum diameter of 10 cm in a matrix of medium-grained 
quartzose sandstone. Beds are thinner and clasts are better organised than in the 
conglomerates further north and imbrication was occasionally observed, indicating flow 
towards the south. The conglomerates fine upwards into thin-bedded siltstones and fine-
grained sandstones with sharp bases and occasionally rippled upper surfaces, before 6 m of 
further conglomerate (Fig. A1.3). The 250 m of overlying siltstone contain a fauna of benthic 
micro-fossils. 
The siltstones are overlain by 100 m of resistant, fine- to medium-grained micaceous 
sandstone containing a fauna of Clypeaster fragments, a variety of bivalve fragments and 
Pecten burdigaliensis. Above 20 m of siltstone, a further 85 m of conglomerates were 
observed. As with the lower conglomerates, these are clast-supported and dominantly 
comprise limestone, metamorphic and ophiolitic lithologies (Fig. 6.1). The top of the member 
consists of up to 25 m of algal limestone containing Clypeaster, Lepidocyc/ina and 
Operculina. This pinches out laterally over only 300-400 m and is best represented in the 
Plaza and Dardhe sections (Fig. 2.3). In contrast, the top of the GTK Member in the Bradvice 
section is marked by ophiolitic sandstone and only a thin layer of algal debris. 
6.5.3 	Interpretation of the Gurit Te Kamies Member 
The macro-fossils found in the sandstones of the Pogradec section indicate deposition in a 
shallow-marine environment. Conglomerate lithologies indicate a Pelagonian provenance 
and the coarse grain-size of the sediments, the erosive channels and the chaotic nature of 
the beds indicates transport and deposition in a high-energy environment. The northern 
sequence is interpreted as having been deposited in a fan-delta or coarsegrained delta-
front environment. The channels may have formed either due to the power of dense, 
sediment-laden fluvial currents, which had not been dissipated by flowing into the sea, or by 
coastal rip-currents (Elliott, 1986a and b). 
The Morave sections represent a more distal environment, although the presence of in situ 
benthic micro-fossils in the siltstones indicate relatively shallow water-depths. The 
conglomerates are finer-grained and better organised than those to the north, with the more 
distal environment confirmed by clast imbrication which indicates southwards directed 
palaeo-currents. The conglomerates in this section are interpreted as having been sourced 
by high energy currents from the delta to the north. The two separate conglomerate units 
(Fig. A1.3) may correlate with the base of the Voion and Kridari Members, but this correlation 
is highly conjectural. The sandstones observed beneath the upper conglomerates are 
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interpreted as having been highly reworked in a shallow shoreface to offshore environment; 
probably by bottom currents. Some of the siltstones and fine-grained sandstone (particularly 
those overlying the lower conglomerates) exhibit the characteristics of low density turbidites 
and these may have been generated by minor traction currents flowing down the delta-front. 
The majority of the siltstones were probably deposited from suspension. 
The algal limestone deposited locally at the top of the member was deposited in shallow-
marine conditions and suggests a relative hiatus in the clastic input into this part of the basin, 
although the reason for this is unknown. It is likely that the more proximal correlative section 
to the north has been eroded (enclosure 1), but to the south-east, evidence exists for an 
equivalent shallowing in the Kridari Member (section 6.10). 
	
6.6 	 The Bradvice Member 
The Bradvice Member only crops out along Morave, where it overlies the Gurit Te Kamies 
Member. No correlative section is preserved to the north, but to the south-east, it is 
interpreted as correlating with the Velos Member (enclosure 1). The member is generally 
extremely poorly exposed and estimated to be around 700 m thick in the Bradvice section 
(Figs. A1.3 and A1.4). It consists of interbedded micro-conglomerate and medium- to coarse-
grained sandstones containing a fauna which includes Cardium sp., Pecten sp. and Corbula 
carinata. Clasts comprise limestone, metamorphic and ophiolitic lithologies (Fig. 6.1) 
The succession is difficult to interpret due to the lack of exposure, but was clearly deposited 
in a shallow-marine, high-energy environment. Clasts are of Pelagonian origin, indicating 
renewed erosion of the basins north-eastern margin. The thickness of the member and its 
lateral extent may suggest deposition in a coarse-grained delta setting 
6.7 	 Summary of Pentalofon Formation deposition in Albania 
Both fades relationships and rare palaeocurrent indicators suggest that deposition occurred 
in a more proximal environment to the north of Morave (west of Pogradec) and supplied 
sediment southwards to Morave throughout the deposition of the Pentalofon Formation. 
Clast provenance consistently suggests that this sediment was predominantly eroded from 
the Pelagonian zone. At the base of the Formation, a basinward shift in facies is interpreted 
to have occurred and deposition occurred in a deltaic environment, with coals deposited on 
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the delta-top to the north and delta-front sheet sandstones deposited further south. The up-
section transition to siltstones in the Plaza Member represents a relative increase in 
palaeowaterdepth. 
The base of the Gurit Te Kamies Member marks a rejuvenation in the erosion of the 
Pelagonian zone, but here the superposition of sandstones and conglomerates with an 
open-marine fauna over delta-top coals (west of Pogradec) indicates a relative deepening 
event. Whereas chaotic conglomerates and sandstones were deposited continuously in the 
more proximal coarse-grained delta setting, more organised conglomeratic units along 
Morave were deposited in an offshore environment and separated by thick sequences of 
siltstone. The member is capped by limestone which appears to represent both a hiatus in 
clastic deposition and a relative decrease in water-depth, of which the latter is also 
interpreted from the Kridari Member to the south-east. The Bradvice Member represents a 
final phase of erosion of the Pelagonian zone, but it is not known whether the cause was 
tectonic or eustatic. 
6.8 The Talieros Member 
6.8.1 The base of the Tatieros Member 
The Talieros Member forms the base of the Pentalofon Formation between the Albanian 
border and Pentalofon (enclosure 1). The base of the member typically comprises 
conglomerates and coarse-grained sandstones, which conformably overlie siltstones of the 
Heptahorion Formation. However, in several sections, incised contacts were observed, 
which are onlapped by the Talieros Member. 
6.8.1.1 	The base of the Talieros Member at Heptahorion 
The base of the Talieros Member at Heptahorion is incised by at least 60 m. This is 
highlighted by the pronounced lithological contrast between the sheet sandstones of the 
Pentalofon Formation and the underlying Heptahorion Formation siltstones (plate 6.113; On 
et al., 1990). Beds beneath and above the contact are parallel to one another, indicating that 
the erosion is not related to an angular unconformity. Immediately above concrete supports 
above Heptahorion, a 30-40 m wide channel was observed within the larger-scale area of 
incision. At its base, spectacularly well developed flute-marks up to 80 cm in length (plate 
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6.1A and C) testify to extremely high-energy deposition at the base of the channel, and 
indicate that palaeocurrents flowed southwards (Fig. 6.10). 
Approximately 30-40 m stratigraphically above the most incised part of the contact, the sheet 
sandstones are interbedded with around 10 m of siltstone. Due to the onlap of the channel-
margins, this siltstone overlies the siltstones of the Heptahorion Formation along the road to 
the east of Heptahorion, and the contact is consequently hard to see. In this part of the 
section, it is very easy to mistake the sheet sandstones overlying the 10 m of Talieros 
Member siltstones for the base of the Talieros Member, as this contact is also very sharp and 
contains numerous flute-marks. However, sedimentary structures observed within the 
Talieros Member siltstones indicate a much higher energy of deposition than that of the top 
of the Heptahorion Formation. One exampie is an isolated asymmetrical sandstone channel 
exposed in cross-section which exhibits lateral accretion (plate 6.1 D). 
No incision was observed at the base of the Talieros Member to the north of the Heptahorion 
section. Relatively large channels, with an erosive topography of at least 20 m, occur near the 
base of the Talieros Member in the River Ford cross-section (Figs. 6.2 and 6.3), but 
importantly, these erode the Talieros sandstones deposited immediately above the contact 
and the erosion is not located immediately at the base of the Talieros member (plate 6.2C). 
They are therefore channels that developed during the deposition of the Talieros Member, 
whereas at Heptahorion, the basal contact appears to represent incision which was 
potentially infilled by the Talieros Member conglomerates and sandstones significantly later. 
6.8.1.2. 	The base of the Talieros Member in the Grevena-Spileo road 
section 
The base of the Talieros Member in this section is interpreted as occurring 1 km east of the 
Venetikos river-crossing, in contrast with the base of the Pentalofon Formation mapped by 
Savoyat and Monopolis (1972). The contact is exposed for several hundred metres along 
strike and part of it is drawn from a photo-montage (enclosure 4). In the western part of the 
section, the siltstones interpreted as forming the Heptahorion Formation have a relatively low 
dip. However, they are discordantly overlain by further siltstones which dip at around 25 0 
towards the north-east. The contact interpreted as the base of the Pentalofon Formation 
erodes both sets of siltstone, but the overlying channel-fill is sub-parallel with the flatter-lying 
siltstones. The basal Talieros Member consists of interbedded sandstones and siltstones 
(Enclosure 4). The sandstone beds are typically up to 70 cm thick, generally have slightly 
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erosive bases and all onlap the basal contact. The topmost exposed sandstone unit is 
considerably thicker (at least 5 m) and consists of at least two amalgamated beds (plate 6.2C). 
This contact is considered similar to the contact at Heptahorion, although it is less well 
exposed here. The base of the Pentalofon Formation is interpreted as an incised contact 
that was infilled and onlapped by a series of high-energy sandstone bodies that are 
themselves erosive on a smaller scale. The infill may again have been deposited significantly 
later than the formation of the incised contact. The channel infill is parallel to the underlying 
siltstones in the west of the outcrop, suggesting that the contact is not an angular 
unconformity. The more steeply dipping siltstones are interpreted as a consolidated slump. 
6.8.2 	Sedimentary description of the Talieros Member 
The Talieros Member is best exposed in the Pentalofon section, east of Heptahorion (Fig. 
6.2), where its basal contact is incised, as described above. In the road-section on the 
opposite side of the valley from Heptahorion, the basal section comprises over 80 m of 
interbedded medium- and coarse-grained sandstone, siltstone and conglomerate (Fig. 6.3). 
The conglomerates are both clast- and matrix-supported and comprise well-rounded, 
polygenetic clasts. The matrix-supported conglomerates generally contain smaller clasts in a 
siltstone matrix and are up to 5 m thick. One bed contains a rafted clast of consolidated 
siltstone 'at least 4 m long. The beds of clast-supported conglomerates occasionally exhibit 
positive grading and Ori et al. (1991) reported some imbrication. Sandstone beds are quartz-
and mica-rich and generally thin upwards through the lower part of the member. At the base 
of the section they are up to 1.5 m thick and commonly have sole-marks on their bases and 
dewatering structures towards the top of the bed. Many are rich in detrital organic material 
and contain rip-up clasts of siltstone up to 7 cm in length. Several soft sediment slumps were 
observed. Most beds are sheet-like and laterally continuous within available outcrops but 
several asymmetrical scours were observed with around 1 m of erosion (e.g. plate 6.313). 
Above a second 20 m section of conglomerate, the interbedded sandstones and siltstones 
are thinner-bedded and contain abundant asymmetrical ripple-marks (Fig. 6.4; A1.8). The top 
of one micro-conglomerate bed was also observed to contain asymmetrical mega-ripples with 
a wave-length of 3 m. Soft sediment slumps are interspersed throughout the sequence. 
Many of the rippled surfaces also contain branching Y-shaped burrows with bulbous 
intersections, typical of Thalassinoides (plate 6.41D). However, these are associated with 
meandering spreiten-filled trails more typical of the Nereites ichnofacies. At the top of the 
member, beds of siltstone and fine-grained sandstone are typically 1-5 cm thick and locally 
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Pentalofon Formation sections in northern Greece 
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Sedimentary log of the base of the Talieros Member 
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form flame structures due to rapid loading. One set of closely spaced burrows is over 50 cm 
long but each burrow is only 2-3 mm wide (plate 6.4C). Forty metres of interbedded siltstone 
and sandstone form a consolidated slump beneath the overlying Voion Member, dipping at 
420 towards the north-east (Fig. 6.6). 
The Talieros Member was examined in three sections north of the Pentalofon section (table 
6.1). The basal contact in the river ford section is marked by highly erosive sandstone 
channels, as described above, and above them by clast-supported conglomerate (Fig. 6.5). 
It is uncertain whether a second section of conglomerate (480 m in Fig. 6.5) correlates with 
the second unit of conglomerate in the Pentalofon section or forms the base of the Voion 
Member, as part of the section is missing due to faulting. In the Pevkos section, the base of 
the Talieros Member is relatively unclear as the road passes up and down stratigraphy and 
the section is faulted (Figs. A1.7 and 6.2). Siltstone slumps overlying basal conglomerates in 
this section are at least 20 m thick. 
South of the Pentalofon section, the base of the Talieros Member at Dotsikon is gradational, 
with corals occurring in the transitional sandstones at the base. Above them, sandstone 
beds become more massive, with common sole-marks on their base and asymmetrical ripple-
marks on the top of the bed. Several meandering spreiten-filled Nereites burrows were 
observed. Above the channelised basal contact along the Spileo-Grevena road, sandstones 
are medium- to coarse-grained and often amalgamated to form massive beds 5-10 m thick 
(Fig. 5.6; plate 6.213). Some beds contain basal groove-marks and a number are graded or 
include more complex internal structures (e.g. plate 6.31D). Towards the top of the section, 
several conglomeratic beds occur, one of which is 5 m thick, matrix-supported and contains a 
coarse-grained sandstone clast 1.2 m in diameter. 
6.8.3 	Sedimentary interpretation of the Talieros Member 
Following Ori et al. (1990), the sediments of the Talieros Member are interpreted as 
turbidites. Throughout this chapter, turbidite facies are interpreted in terms of the facies 
scheme of Mutti (1992) which divides them into nine different facies, based on their grain 
size and internal structure (Table 6.2). These facies are interpreted in terms of flow type, 
sediment support mechanism and depositional mechanism. A relatively deep-water 
environment of deposition for the Talieros Member is confirmed by the micro-
palaeontological investigations of Barbieri (1992) who interpreted the foraminifera in the 
section as representing a mid- to upper-bathyal environment of deposition. This is consistent 
with the observation of Nereites in this and other sections, but not with the presence of 
I: 
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Sedimentary logs of the Pentalofon Formation in the Kipseli 
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Summary table of the lithological changes interpreted as marking the base of the 
constituent members of the Pentalofon Formation in the central Meso -Hellenic Trough 
Cross-section 
Pevkos Kotili River ford Kipseli Pentalofon 
(Fig. A1.7) (Fig. 6.7) (Fig. 6.5) (Fig. 6.5) (Fig. A1.8) 
Base of Velos 
harp lithological I Sharp lithological Sharp lithological Several beds of hange from siltstone change from siltston change from siltstone slumped conglom. Member o cs. sst. and micro- to cs. sst. and micro- to cs. sst. and micro- 
conglomerate conglomerate 	H conglomerate L 
15 m bed of clast- 8 m (mm.) of clast- ???? 30-40 m of sst. and 100 m of clast- 
Base of Kridari supported conglom. supported conglom. 6 m of conglomerate clast-supported supported conglom. 




Fault (?) of >100 m No observed change Fault (?) or 30 m of 150 m of clast- and 
Base of Vojon of clast-supported in lithology clast- and matrix- matrix-supported 
Member conglomerate supported conglom. conglomerate 
(Fig. 6.6) 
G 
Thin beds of conglom >1 00 m of sst. and >1 00 m of cs. sst. and >1 00 m of clast- and 
Base of Talieros and sst. and siltstone 
clast-supported clast-supported matrix-supported 
slumps. Exact conglomerate conglomerate. Highly conglomerate 
Member position uncertain erosive channels 
D C 
N.B. Single letters refer to locations of approximately 
equivalent sections in Figs. 1 and 5 of Ori et al. (1990) Table 6.1 
- 
0 
Table 6.2 	 Turbidite facies and related processes 	(After Mutti, 1992) 
F9b (LDTC) ________ 	 F9a (LDTC) 
L-.-1 




l Ft 	 Ft L  
	 _____ 
00-0 	
F3 	 F6 	






Boulder, ~obble 	 Medium and 
and pebble fine sand 
Tc 
C 
Flow 	 CGRF: Conglomerate remnant facies 	 Ft: Flow transformation 	Tc-e: Bouma 	0 4 ° 	Small pebble 	_______ Fine sand! 
_________ I 	 I coarse silt 
direction 	 Tc: Traction carpets 	 ,J \ 	Fluid escape structures divisions  
I: •l Granule and very 	 ] Mud I coarse sand 
Main types of flow 
Cohesive 	 Hyperconcent rated 	 Gravelly high density 	 Sandy high density 	 Low density 
debris flow flow 	 Noturbidity current turbidity current turbidity current 
(CDF) 	 (HCF) (GHDTC) 	 (SHDTC) 	 (LDTC) 
Sediment support mechanisms 
Matrix 	 Large-scale turbulence, 	 Turbulence and 	 Turbulence and 	Hindered 	 Turbulence 
strength decreased matrix strength hindered settling hindered settling settling 
and increased concentration 
of coarse-grained sediment 
per unit volume 
Mechanisms of deposition 
Cohesive 	 Frictional freezing 	 Traction carpets (F4) 	 Thin traction carpets (F7) 	Traction-plus-fallout 
freezing (F3) 	 followed by 	 followed by 	 process (b through d 
(Fl) 	 followed by 	 en masse deposition 	 en masse deposition 	 divisions) followed by 
cohesive freezing 	 (F5) 	 (F8) 	 deposition of homogeneous 
(F2) 	 mud (e division) 
Thalassinoides, which is typically considered to form part of the shelfal Skolithos and 
Glossifungites association (Seilacher, 1967 and 1978). 
At the base of the member, the matrix-supported conglomerates are interpreted as cohesive 
debris flows (Fl facies; Table 6.2) and the clast-supported beds as the F3 facies, deposited 
from high density turbidity currents. The lack of observed traction carpets in the coarse-
grained sandstone beds and the common observation of water-escape structures suggests 
that many of the sandstones represent the F5 facies high density turbidites. The scours 
observed in the sequence are relatively deep and interpreted as the result of intense 
turbulence, typical of channel-fill deposits (Mufti, op. cit.). In the upper half of the member, 
the thin, current-rippled beds are interpreted as part of the F9 facies of Mutti (op. cit.), as 
deposited from waning low-density turbidity currents that are typical of the top of many 
Bouma sequences. 
In other sections, Fl debris flows are largely absent and F3 gravelly high density turbidites 
are less common. The base of the section more commonly constitutes the relatively 
homogenous F5 facies high density turbidites, although the traction carpets in the Grevena-
Spileo section are typical of the F4 high density turbidites (table 6.2). Some F5 deposits are 
overlain above a sharp break by F9 facies containing convolute and ripple laminae 
interpreted as representing the dilute tail of the flow (plate 6.3C). Low density turbidites are 
generally common but away from the holostratotype, scours are uncommon. 
These facies interpretations are consistent with the observation of the incised contact above 
Heptahorion. The lower part of the Talieros Member in the Pentalofon section is interpreted 
as a turbiditic channel complex, following Ori eta! (1990). However, Ori et aL (1990) made this 
interpretation for the whole of the basal Talieros Member, whereas I consider that only the 
Pentalofon section fully represents this environment. Elsewhere, the input of coarse-
grained material is considered consistent with a relative lowering of sea-level but not 
necessarily deposition in a submarine channel. The finer-grained upper half of the Talieros 
Member is interpreted as representing deposition in an unchannelised overbank wedge 
environment in which clastic input into the basin was generally subdued. 
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6.9 	 The Voion Member 
6.9.1 	Sedimentary description of the Voion Member 
The Voion Member holostratotype also occurs along the Heptahorion-Pentalofon road 
where its base comprises 150 m of coarse-grained sandstone and conglomerate (Fig. 6.6; 
Ori etal., 1990). The conglomerates comprise both clast-supported and matrix-supported 
units. The former are generally poorly organised, with little discernible grading, and 
commonly have highly erosive bases, often with rip-up clasts. One channel in this sequence 
is 5 m deep, 10 m wide and infilled with clast-supported conglomerate at its base, above 
which coarse-grained sandstone and micro-conglomerate occurs (plate 6.3E). Clasts are up 
to 10 cm in diameter, but more typically 2-5 cm in diameter and have a sandy matrix. Matrix-
supported units are interspersed throughout the sequence and form single beds up to 15 m 
thick (Fig. 6.7; plate 6.3E). They contain numerous deformed clasts of consolidated siltstone 
up to 10 m long, dispersed conglomerate clasts and in some beds, shelly debris in a siltstone 
matrix. 
Away from the holostratotype, the identification of the base of the Voion Member is more 
problematic (table 6.1; Fig. 6.8). In the river ford section, at least 30 m of clast-supported 
conglomerate are in fault contact with fine-grained sandstones and siltstones interpreted as 
forming the upper Voion Member, but it is not known whether the conglomerates represent 
the Talieros Member or the base of the Voion Member (Fig. 6.5). Similarly, in the Pevkos 
section (Fig. A1.7) it is not clear whether clast-supported conglomerates represent the basal 
Voion Member due to faulting. In contrast, in the Kotili section (Figs. 6.2 and 6.7), the section 
is unfaulted, but no lithological change is apparent in the stratigraphic position of the base of 
the Talieros Member. 
The upper Talieros Member (equivalent to the Pevkos Member of Ori etal., 1990) is best 
exposed in the Pevkos section (Fig. A1.7). Here, the section comprises extremely dark, 
bioturbated, interbedded siltstones and fine-grained sandstones. The sandstone beds are 
typically 1-10 cm thick and sometimes graded. Broken shelly debris was found in several 
sandstone beds and in the interbedded siltstones several in situ bivalves were collected, 
with both valves intact. These include Neopycnodonte sp. and Pitar sp. Bioturbation 
includes branching horizontal burrows similar to Tha!assinoides. In comparison, the main 
sequence in the Heptahorion-Pentalofon section is much lighter in colour and contains no in 
situ fossils. Fine-grained beds of sandstone 2-5 cm thick contain abundant asymmetrical 
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6.9.2 	Sedimentary interpretation of the Volon Member 
The base of the Volon Member in the holostratotype comprises interbedded cohesive 
debris flows (deposited due to cohesive freezing) and high density turbidites (deposited 
due to frictional freezing; Mutti, 1992). The matrix-supported beds comprise the Fl facies of 
Mutti (1992; table 6.2), as characterised by planar bases, but may also include F2 facies, 
deposited from hyperconcentrated flows and typified by erosive bases and the occurrence 
of larger transported clasts towards the base of the bed. The erosive bases of the clast-
supported conglomerates are typical of the F3 facies, although no inverse grading was 
observed in these beds. The deep concave erosion scours are typical of channel-fill facies 
(Mufti, op. cit.). 
In contrast with Ori et al. (1990), the widespread correlation of these deposits is considered 
inconclusive. This is partly due to faulting in several sections, but also due to the complete 
absence of coarser-grained facies at this stratigraphic level in the Kotili section (Fig. 6.7). The 
correlation of the conglomerates from the Pevkos and River Ford sections with the base of 
the holostratotype cannot be checked using biostratigraphy as the conglomerates at the 
base of the Voion Member contain almost no fauna (Barbieri, 1992). The occurrence in the 
holostratotype of such thick cohesive debris flow deposits and the large scours is 
considered consistent with a turbiditic channel complex, as interpreted for the base of the 
Talieros Member. In other sections, conglomerates which may correlate with this channel 
fades are far more organised (mostly clast-supported) and in the Kipseli section no 
conglomerates occur. 
The upper part of the Voion Member consists mainly of thin, fine-grained beds representing 
fades F9 (table 6.2), deposited by traction and fallout processes associated with waning low-
density turbidites (equivalent to the Bouma sequence with its base missing). In most beds 
the c (current-rippled) division of the Bouma sequence forms the upper part of the bed. This 
facies forms resistant cliffs along much of the Voion Mountains in northern Greece (Fig. 1.1) 
and these deposits form highly continuous beds (plate 67A). Following Ori et al. (1990), 
they are interpreted as relatively starved deposits. Barbieri (1992) interpreted the 
foraminiferal content of the upper Voion Member as representing an uppermost bathyal to 
outer neritic domain. The observation of in situ Pitar and Neopycnodonte as well as possible 
Thalassinoides may indicate even shallower conditions, moving northward in the central 
MHT. At present, Pitar lives in a shelf to inshore marine environment and Thalassinoides is 
typically associated with a shelfal environment. This is also suggested by the observed fauna 
in the overlying Kridari Member. Furthermore, to the south of the Pentalofon Formation 
(around Rodia; Fig. 2.4), further in situ Neopycnodonte and solitary coral were observed, 
suggesting a decrease in palaeobathymetry in this direction as well. Maximum water-depths 
are therefore interpreted as having occurred in the area of the Heptahorion-Pentalofon 
section, with shallowing towards the north-west and south-east. 
6.10 	 The Kridari Member 
6.10.1 	Sedimentary description of the Kridari Member 
The Kridari Member holostratotype also occurs along the Heptahorion-Pentalofon road (Fig. 
6.2). Its base consists of around 100 m of interbedded conglomerate and coarse-grained 
sandstone, as exposed near the village of Pentalofon (Ori et al., 1990). The road section 
passes up and down stratigraphy and conglomerate beds are highly discontinuous. They are 
all clast-supported, occasionally exhibit imbrication and typically have erosive, sometimes 
semi-channelised bases (Ori etal., 1990). Interbedded sandstones are medium- to coarse-
grained and are also highly erosive, resulting in multiple truncations of beds (plate 6.5C). 
They are quartz- and mica-rich and often contain basal rip-up clasts. 
North of the holostratotype, the coarse-grained units interpreted as representing the base of 
the Kridari Member are considerably thinner than in the holostratotype (table 6.1) but still 
comprise interbedded sandstones and clast-supported conglomerates. The base of the 
Knidari Member in the Pevkos section (Figs. 6.2 and A1.7) consists of a 10-12 m bed of clast-
supported conglomerate, with an erosive basal contact containing cross-bedding higher in 
the bed. In the succeeding 10 m, several indurated siltstone beds contain a total of at least 
10 bivalves which appear to be in situ. Up-section, a sequence of micro-conglomerates and 
medium- to coarse-grained sandstones form a series of beds with a complex outcrop pattern 
(enclosure 4). Within several beds, micro-conglomerate overlies an erosive basal contact and 
fines upwards into sandstone, but in two beds clasts are dispersed within a siltstone matrix. 
The sandstone beds are also locally erosive and contain siltstone rip-up clasts. On the top of 
several beds, asymmetrical climbing ripples were observed. The sandstone beds locally 
onlap two erosion surfaces that are at least 100 m long and the sandstone beds form 
discontinuous lenses (enclosure 4). Higher in the section, several consolidated slump 
blocks occur (e.g. plate 6.5A), as well as channels with up to 15 m of incision. 
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Near the top of the Kridari Member, widening of the road exposed a fresh section in 1992. 
Within well-indurated, structureless siltstones, a relatively diverse fauna was found (Plate 
6.6), including Turrid sp., Pteria sp., a Scaphopod, a Tellinid-like burrowing bivalve, most of a 
large mussel, a coral and leaves. Despite having weak ligaments (as it is a burrowing bivalve), 
Pteria was found with both valves intact. Several examples of a trace-fossil were observed in 
which strands about 0.5 cm wide and up to 17 cm long radiate from a central point and have 
finer filaments preserved at an oblique angle to the radial ones (plate 6.6C and D). These are 
identical to fossils described by Plicka (1970, plate 2) who interpreted them as the imprint left 
by satiellid worms. Importantly, both present-day sabellid worms and those described from 
the fossil record are restricted to shallow water (Plicka, op. cit.). At the top of the Kridari 
Member in the Kipseli section, 10 m of interbedded calcareous sandstone and redeposited 
limestone occurs. Several beds are dominantly composed of algal rhodoliths (plate 6.7C) and 
a coral 25 cm in diameter was also observed. 
6.10.2 	Sedimentary interpretation of the Kridari Member 
In its holostratotype, the basal conglomerates of the Kridari Member are interpreted as 
representing the F3 facies of Mufti (1992; table 6.2), as typified by their erosive bases. The 
erosive sandstones interbedded with the conglomerates are interpreted as the product of 
high energy deposition from both high- and low-density turbidites. This sequence was 
interpreted by Ori et aL (1990; in Barbieri, 1992) as a series of channelised turbidites. This 
is certainly true in outcrop scale, but whether they represent a larger-scale channel complex 
is less certain. Overall, they are far more organised that the base of the Voion and Talieros 
Members, which contain more relatively common debris-flow deposits (c.f. Ori etal., op. cit.). 
Barbieri (1992) interpreted the poor foraminiferal assemblage encountered in the Kridari 
Member as representing a middle to upper bathyal environment. 
Cross-bedding in the basal conglomerates at the base of the Pevkos section may either be 
interpreted as the result of high and prolonged rates of shear during the deposition of high 
density turbidites (the F3 facies of Mufti, 1992) or due to the redeposition of conglomerates 
by bottom currents. The apparently in situ bivalves in the immediately overlying siltstones 
suggest that the water-depth was not particularly great. Despite the presence of matrix-
supported debris-flow deposits higher in the sequence, the discontinuous lens-shape of 
many of the sandstone bodies (enclosure 4) is atypical of turbidites and is interpreted as the 
result of deposition by bottom currents. The relatively shallow environment of deposition 
(compared with the interpretation of Barbieri (1992) which seems more applicable to the 
Pentalofon section) is supported by the fauna. Its occurrence in siltstone, and the presence 
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of both valves of burrowing bivalves with weak ligaments suggests that little or no transport 
has occurred. 
The rhodoliths and coral at the top of the Kipseli section have been redeposited, but are the 
only deposits of their kind observed within the Pentalofon Formation. Their presence and 
the shallow-water fauna described above supports the correlation of the top of the Kridari 
Member with the top of the Gurit Te Kamies Member along Morave, where in situ algal 
limestone occurs. It also indicates an important and gradual decrease in palaeobathymetry 
from the Heptahorion-Pentalofon section in the centre of the basin to the Pevkos and 
Morave sections to the north-west and brings into question the interpretation of Ori et al. 
(1990) that all the deposits in this central segment of the basin are deep-water turbidites. In 
the more northerly sections, the sediments appear to have been either shallow-water 
turbidites or the result of deposition from relatively shallow-marine bottom currents. 
6.11 	 The Velos Member 
6.11.1 	Sedimentary description of the Velos Member 
The interpreted thickness of the Velos Member decreases considerably from the Pentalofon 
section towards the north-west (Ori et al., 1990; Fig. 6.9). In all the sections to the north-west 
of the Pentalofon section, the base of the member is marked by a sharp lithological change 
from predominantly siltstone to interbedded ciltstone, sandstone and micro-conglomerate 
(Table 6.1; Fig. 6.8), as mapped by Plastiras (1985) and Savoyat and Monopolis (1971). Both 
the micro-conglomerates and medium- to coarse-grained sandstones typically have erosive 
bases and form beds up to 1 m thick. In the Pevkos section, occasional bivalves were 
observed within siltstones and at the top of the section, a gradational contact occurs with the 
siltstones of the overlying Tsotillion Formation which contain a fauna of in situ bivalves and 
solitary corals. 
The correlation of the above sections with the Pentalofon-Tsotillion section is less clear. In 
general, the top of the underlying Kridari Member is coarser-grained than in the more 
northerly sections so no sharp change in grain-size was observed at the contact. Ori et al. 
(1990; their Figs. 4 and 10) described the base of the Velos Member in this section as 
comprising at least 70 m of interbedded conglomerate and sandstone, but I did not observe 
this thickness of conglomerate. In the position mapped as the base of the member by Ori et 
al. (op. cit.), two conglomerate beds were observed (Fig. A1.8), which may represent the 
base of the Velos Member. One of these is matrix-supported, 10 m thick and contains' a 
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large, recumbent soft sediment slump fold as well as deformed pods of siltstone (plate 6.713). 
Above these beds, the rest of the member consists of interbedded coarse-, medium- and 
fine-grained sandstones and siltstones (Fig. A1.8). These generally have planar bases, but 
one channel was observed (plate 6.71D). Towards the top of the section, there is an increase 
in the proportion of siltstone and the contact with the overlying Tsotillion Formation is 
gradual. 
6.11.2 	Sedimentary interpretation of the Velos Member 
The coarse-grained sandstones and micro-conglomerates which form the Velos Member in 
the more northern sections are often graded and were deposited from traction currents. 
However, given the relatively shallow-marine fauna observed in the Pevkos section, it is 
uncertain whether or not they represent deposition from turbidity current. In the Pentalofon 
section, the basal conglomerate is interpreted as a slump and overlying sandstone beds are 
interpreted as both high- and low-density turbidites. As with the underlying Kridari Member, 
the depth of deposition of the basin is interpreted to shallow towards the north-west and the 
meso- to upper-bathyal environment of deposition interpreted by Barbieri (1992) on the 
basis of foraminifera is only considered appropriate for the Pentalofon section. 
Correlation between the base of the Velos Member in the Pevkos/ Kotili/ Kipseli sections 
and in the Pentalofon section is doubtful. As well as the lithological variations, the dramatic 
increase in the thickness of the member towards the south-east that is implied by the 
correlation is far greater than is observed in the underlying members (Fig. 6.8). However, no 
better correlation can be made without further palaeontological data. Although Ori et al. 
(1990) and Barbieri (1992) dated this sequence, they do not clarify whether each of their 
sections was dated or whether their biostratigraphy was based on type sections. 
6.12 	 Palaeocurrents, slumping and clast provenance during the 
deposition of the Pentalofon Formation in the central Meso-
Hellenic Trough 
6.12.1 	Palaeocurrent analysis 
Ori et al. (1990) published palaeocurrent data for the Pentalofon Formation between 
Pentalofon and the Albanian border, based on sole-marks, asymmetrical ripples and clast 
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Schematic sedimentary logs illustrating the variation in the thickness 
of the Pentalofon Formation along the length of the Meso-Hellenic Trough 
east. Measurements taken at the base of thicker-bedded turbidites in the same area during 
the course of this study (Fig. 6.9) largely confirm those results, although ripple marks 
measured in the thinner-bedded, low-density turbidites of the upper Talieros Member, along 
the Pentalofon section, consistently indicate flow towards the north-east. These 
measurements may reflect either a local Pindos zone origin for a brief period, or the 
deflection/ reflection of turbidites by marginal slopes, as is commonly observed in constricted 
basins (Mufti, 1992). 
Palaeocurrents were also measured further towards the south-east, where the Pentalofon 
Formation is not subdivided into the constituent members described above. Most notably, 
palaeocurrents were measured east of Dotsikon (Fig. 6.10) and north-west of Grevena (Fig. 
6.11). These all confirm the axial trend of palaeocurrents and flute- and ripple-marks confirm 
that flow was towards the south-east. 
6.12.2 	Clast provenance 
Clast provenance data in the central MHT is plotted in Fig. 6.11. Throughout the Pentalofon 
Formation in this area, the clasts comprise a mixture of vein quartz, limestone, metamorphic, 
igneous and ophiolitic lithologies, as well as less common clasts of redeposited 
conglomerate. Of these, the metamorphic, igneous and vein quartz clasts are distinctive of 
the north-eastern margin. As each of the clast-counts in this area was made within a single 
bed (most of which are interpreted as having been deposited from turbidity currents), the 
presence of the latter clasts in each sample is interpreted as indicating a north-eastern origin 
for the majority of the sequence. This supports the interpretation of Brunn (1956), and Ori et 
al. (1990) who also examined conglomerate clasts; and Zygojannis and Sidiropoulos (1981) 
who examined heavy mineral distribution. The palaeocurrent indicators which suggest that 
sediment was sourced from Albania are supported by the composition of clasts within the 
Gurit Te Kamies Member. However, it is also possible that those clasts which are 
characteristic of neither margin were sourced from the north-western margin in Albania and 
mixed with the Pelagorilan zone clasts in shallow-marine conditions prior to redeposition by 
turbidity currents. Insufficient palaeocurrent indicators in the Pentalofon formation in Albania 
were observed to test this possibility. 
6.12.3 	Slumping 
Slumps are present throughout the Pentalofon Formation in the central MHT. They are most 
commonly soft sediment slumps, but more rarely comprise consolidated slumps up to 40 m 
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Pentalofon Formation paIocurrents and slumps in the central MHT 
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thick. The latter are apparent when otherwise undeformed units in a cross-section dip at a 
markedly different angle from the underlying and overlying sediments which are parallel to 
one another (e.g. Fig. 6.6 and plate 6.5A). However, in some sections such as the Pevkos 
section, discordant contacts are only visible in small exposures, and it is impossible to know 
whether they represent consolidated slumps or local unconformities. 
The orientation of soft sediment slump folds can sometimes be used to interpret the 
direction of slumping, but this is not possible with consolidated slumps. The mean axis 
method was used wherever possible (Woodcock, 1979). However, despite the large number 
of slumps observed, remarkably few had clearly measurable asymmetric folds. Those that 
were measured within the Pentalofon Formation are moderately consistent with the 
observation of Ori et al. (1990) that the majority of slumps flowed towards the north-east (Fig. 
6.9). They interpreted this to indicate that the Pindos margin of the basin was becoming 
submerged at this time, which might also account for the lack of detritus sourced from this 
margin. Given the apparent south-westward thickening of the Pentalofon Formation 
(tentatively interpreted from seismic data; Fig. 3.16) and the Pelagonian provenance of most 
of the Pentalofon Formation sediment, this direction of slumping is surprising. However, with 
such a small data-set, and the problems of the slump rotation (which can result in fold hinges 
orientated perpendicular to the palaeoslope; Woodcock, 1979; Farrell and Eaton, 1987), 
only limited value can be placed on the interpretation of palaeoslopes from the slump data. 
6.13 	 Correlation between the constituent members of the 
Pentalofon Formation in the central Meso-Hellenic Trough and 
eustatic oscillations 
Ori et aL (1990) concluded from their study of the Pentalofon Formation in this part of the 
basin that the input of coarse-grained turbidites at the base of each of the four constituent 
members was the result of a eustatic lowering of sea-level. From a biostratigraphic study of 
the section, they correlated the observed fining upwards cycles with the third order eustatic 
cycles TB1 .1 to TB1 .4 of Haq et aL (1987; Fig. 6.12 A). During this study, I re-examined the 
sections described by Ori et al. (op. cit.) and correlated them with other sections in the basin 
(most notably those in Albania, which had not previously been correlated in detail across the 
border). Some further biostratigraphy was also undertaken, although this was of limited 
success in this part of the basin due to the poor preservation of micro-fossils within the 
turbidite complex (Barbieri, 1992). 
226 
227 
6.13.1 	The Talieros Member 
The base of the Talieros Member at both Heptahorion and along the Grevena-Spileo road is 
interpreted as an important surface of incision, which is onlapped by the Talieros Member 
without any evidence of an angular unconformity (section 6.8.1). As such, these contacts are 
typical of incision that results from a lowering of base-level during the development of 
sequence boundaries. The contacts also mark a sharp change from siltstones to sheet 
sandstones and conglomerates, deposited by high energy turbidity currents. A similar 
lithological change is observed along much of the base of the Pentalofon Formation, 
including the Meteora Member described below. Along Morave, the Plaza Member (base of 
the Pentalofon Formation; enclosure 1) is interpreted as representing a shallower 
environment of deposition than the underlying Heptahorion Formation. A similar 
interpretation is made for the base of the Pentalofon Formation in the southern MHT (see 
below), so both contacts represent a basinward shift in facies, consistent with the 
interpretation of a sequence boundary and incision along the contact. The base of the 
Talieros Member was dated by Ori et al. (1990) as occurring within zone P21 of Blow (1969) 
and analysis undertaken as part of this study places it within zone CP1 9a of Okada and Bukry 
(1980; Table. 2.3). The latter zone includes the base of the Chattian, which correlates with 
the 30 Ma eustatic drop in sea-level interpreted by Haq et aL (1987) as one of the largest 
drops in sea-level in the Phanerozoic (Fig. 6.12). It is therefore possible that the base of the 
Pentalofon Formation is a sequence boundary marking a eustatic drop in sea-level. 
A problem that remains with this interpretation is that the observed erosion at the base of the 
Talieros Member occurs in the palaeobathymetrically deepest part of the basin. In shallower 
parts of the basin, particularly in Albania, no erosion was observed, despite the lower 
Pentalofon Formation having been deposited in a shallow or marginal marine environment in 
which the majority of erosion would be expected, following such a drop in sea-level. 
Furthermore, the relative sea-level curve of Barbieri (1992) does not suggest a drop in sea-
level either at the base of the Talieros Member or at the base of subsequent Pentalofon 
Formation members. 
It is reasonably likely that, despite the lack of apparent angular unconformity between the 
Heptahorion and Pentalofon Formations in outcrop, the contact between them is the 
unconformity recognised on seismic data (Fig. 3.16). In this case, it probably resulted from 
the uplift of the Pelagonian zone, which is consistent both with the sudden input of 
Pelagonian zone material at the base of the Pentalfon Formation and the south-westward 
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zone is also suggested by local unconformities within the Meteora Member at the base of the 
Pentalofon Formation at the south-east end of the basin (Ori and Roved, 1987; section 
6.16.2). It therefore seems more likely that pronounced lithological change observed at the 
base of the Talieros Member was the result of tectonics and not a eustatic sea-level drop. 
main source of detritus at this time. 
	
6.13.2 	The Voion Member 
Biostratigraphy allows much less accurate correlation of the base of the Voion Member with 
the eustatic curve of Haq etal., (1987) than the base of the Talieros Member (Barbieri, 
1992b). The lithological change at this contact is also less clear throughout the basin than 
that observed at the base of the Talieros Member. Although in the Pentalofon section the 
base of the Voion Member is marked by a thick succession of conglomerates and coarse-
grained sandstones (Ori etal., 1990; Fig. 6.6), this is not clearly observed elsewhere (c.f. On 
et al., 1990). At the base of the Pevkos and River ford sections, faulting makes the 
interpretation of the base of the Voion Member unclear and in the Kotili section no change in 
lithology was observed in this part of the section (table 6.1). The base of the Gurit Te Kamies 
Member in Albania (which is interpreted as correlating with the base of the Voion Member; 
enclosure 1) also contains shallow-marine fossils which overlie the coal-bearing upper 
Lozhan Member, thereby representing a relative increase in sea-level. If correctly interpreted 
by Haq et al., (1987), the 28.4 m.y. drop in eustatic sea-level is also far smaller than the drop 
interpreted at 30 m.y and therefore more likely to be overprinted by local tectonics. The 
correlation of the base of the Voion Member with the eustatic sea-level curve of Haq et al. 
(op. cit.) therefore remains extremely dubious. 
6.13.3 	The Kridari Member 
Ori et al. (1990) correlated the base of the Kridari Member with the base of the third order 
eustatic cycle TB1 .3 of Haq etal. (1987; Fig. 6.12A). However, their own biostratigraphy 
correlated the base of the Kridari Member with the base of zone N4 of Blow (1969) and the 
base of zone N4 is correlated with the base of eustatic cycle TB1 .4 by Haq et al. (1990; Fig. 
6.12B). This therefore implies that the base of eustatic cycle TB1.3 is not recognisable in the 
MHT. 
The base of the Kridani Member is most clearly represented by conglomerates and coarse- 
grained sandstones in the Heptahorion-Pentalofon section (the holostratotype). In other 
sections, thinner conglomeratic units occur at approximately this stratigraphic level (table 
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6.1), but it is far from clear that they precisely correlate with the base of the holostratotype. 
Furthermore, no incision was observed either at the base of the Kridari Member or within the 
Gurit Te Kamies Member, which is the member deposited in a more proximal environment, 
with which the Kridari Member is correlated (enclosure 1). Palaeontological evidence 
therefore suggests that the base of the Kridari Member does not correlate with the eustatic 
cycle T131.3 of Haq et al. (1987; contrary to the proposal of Ori et al., 1990) and 
sedimentological data provides little evidence that the contact correlates with a eustatic drop 
in sea-level at all. 
	
6.13.4 	The Velos Member 
Ori et aL (1990) correlated the base of the Velos Member with the base of cycle TB1 .4 of Haq 
et al. (1987; Fig 6.12), but as explained above, their own data correlated the base of the 
Kridari Member with the base of zone N4 of Blow (1969) and hence the base of eustatic cycle 
T131.4. It is therefore not possible that the base of the Velos Member also correlates with this 
cycle 
The base of the Velos Member correlates with the base of the Bradvice Member in Albania 
(enclosure 1) and is most clearly observed in northern Greece between the Pevkos and 
Kipseli sections, where it is marked by the sudden input of coarse-grained sandstone and 
micro-conglomerate. The correlation of the above sections with the Heptahorion-Pentalofon 
section is problematic, as no comparable lithological change occurs in this section (section 
6.11.1). It is therefore more likely that the input of coarse sediment in the more northerly 
sections is the result of tectonics. Furthermore, no incision was observed anywhere along 
the basal contact of the Velos or Bradvice Members, despite the shallow-marine deposition 
of algal limestone beneath the latter contact along Morave. Therefore, in contrast with the 
interpretation of Ori etal. (1990), there is little clear evidence of the correlation between the 
base of the Velos Member and a eustatic lowering of sea-level. 
6.13.5 	Summary 
Evidence for correlation between the eustatic cycles of Haq et a! (1987) and the constituent 
members of the Pentalofon Formation has been critically assessed by examining 
biostratigraphic evidence for correlation with the eustatic curve; and sedimentological and 
stratigraphic evidence for basinward shifts in facies and incision associated with the 
proposed eustatic sea-level drops (Ori et al., 1990). For the base of the Voion, Kridari and 
Velos Members, poor biostratigraphic correlation with the eustatic curve, uncertain 
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lithostratigraphic correlation between thin or nonexistent coarse-grained sediments at the 
base of the members and a lack of incision surfaces either in the centre of the basin or within 
the correlative shallow- and marginal-marine deposits points to eustacy being an unlikely first-
order control on deposition. The basinward shift of facies at the base of the Pentalofon 
Formation and good biostratigraphic correlation with the 30 Ma drop in sea-level (Haq etal., 
1987) makes this a more likely candidate for a sequence boundary resulting from a eustatic 
drop in sea-level. However, although incision was observed at the base of the Talieros 
Member is two sections, it was only observed in the deepest-water sections and not in 
correlative shallow-marine environments, as would be expected given that the sea-level drop 
is one of the largest interpreted to have occurred in the Phanerozoic. 
Alternative explanations for the input of coarse-grained sediment at the base of the 
constituent members of the Pentalofon Formation appeal to syn-sedimentary tectonics. As 
no clear evidence exists for syn-sedimentary faulting during the deposition of the Pentalofon 
Formation, this remains speculative, but deformation is likely as the Meso-Hellenic Group was 
deposited on a series of thrust-sheets that were being transported piggy-back above the 
Ionian thrust towards the foreland at this time. The uplift of the Pelagonian zone is consistent 
with the apparent south-westward thickening of (?)Pentalofon Formation sediments 
observed above the unconformity in the northern seismic section (Fig. 3.16), the Pelagonian 
source of most of the Pentalofon Formation sediments and minor unconformities observed 
within the Meteora conglomerates (Ori and Roved, 1987). 
6.14 	 Problems with the interpretation of turbidite deposition in the 
Pentalofon Formation of the central Meso-Hellenic Trough 
The Pentalofon Formation in the central MHT is interpreted as a turbidite complex and its 
constituent members are interpreted as turbidite systems (Mutti and Normack, 1987). 
Theoretically, each turbidite system should be mapped in terms of its constituent elements 
(e.g. channels and their fill, overbank deposits, lobes and channel-lobe-transition deposits). 
However, this is limited by problems of exposure resulting in lack of detailed correlation 
patterns and the problems of correlation in any channelised deposits. 
Many of the models for turbidite deposition have involved their deposition in submarine fans 
(e.g. Shanmugam and Molola, 1988 and 1991) which have typically been divided into two 
main types (Reading, 1991 and references therein). Additional models involving a more 
linear source from a slope apron or a 'line-source fan' (e.g. Heller and Dickinson, 1985) have 
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also been proposed. However, neither submarine fans or distinct lobes and their related 
compensation cycles (Mutti and Normack, 1991) are recognised in the MHT, so that the fan 
models of Shanmugam and Moiola are not applicable. The line-source models are equally 
inapplicable as palaeocurrents and facies analysis in the Pentalofon Formation indicate that 
turbidites flowed axially towards the south-east. Furthermore, the characteristic down-current 
replacement of channel-fill deposits by non-channelised facies (Mufti and Normack, 1987) is 
not clearly observed. A basin-parallel gradient is apparent from-the shallow-, marginal- and 
non-marine environments of the Pentalofon Formation in Albania to the deeper-marine 
environments of the central MHT. However, it is not known whether the slope is gradual over 
this distance (about 40 km) or whether a distinct slope occurred at the transition from shelfal 
to more basinal facies. The former is more likely as progressively shallower-water turbidites 
are interpreted between the Heptahorion-Pentalofon and Pevkos sections. South-east of 
the Heptahorion-Pentalofon section, the palaeobathymetry may also have decreased, so 
that the basin formed a broadly canoe-shaped morphology. Although palaeocurrents west of 
Grevena are still consistent with those further north (Fig. 6.10), the gradient is interpreted as 
having been virtually nonexistent and the flows may even have been flowing gently uphill. 
Clast provenance (Fig. 6.17) suggests that axially flowing turbidite currents did not source 
the Pentalofon deposits in the Venetikos section (Fig. 6.13). Despite the evidence for flow 
towards the south-east in the northern part of the basin, the only clearly observed incision is 
in the Heptahorion-Pentalofon and Grevena-Spileo sections. The lack of observed incision 
in the more northerly, shallower-water sections is surprising, but may be a function of poorer 
exposure in these areas. Another alternative is that the erosion occurred at the foot of the 
submarine slope, where there was a change in gradient. This is consistent with 
palaeobathymetric interpretations and would explain the lack of incision in correlative shallow-
marine sediments. 
Ori et al. (1990) interpreted the different members of the Pentalofon Formation (i.e. the 
different turbidite systems) in terms of the model of Mufti (1985) in which three different 
systems are distinguished by the volume and efficiency of flow, the position in which sand is 
deposited in the system and the interpreted relationship of the turbidite system with sea-
level (Fig. 6.15). Furthermore, they interpreted the degree oforganisation of the coarser-
grained deposits at the base of each system in terms of the rapidity of the interpreted 
lowering of sea-level. They interpreted the Talieros and Velos Members as being type 1. 
systems (large-volume, channel-detached, sandy turbidites; Fig. 6.15) in which sediments 
are relatively organised due to a relatively slow lowering of sea-level, resulting in deposition 
remaining in equilibrium with sea-level. In contrast, they interpret the Voion and Kridari 
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Members as being more chaotic deposits due to the more rapid lowering of sea-level, with 
the result that sedimentation was not in equilibrium with sea-level. 
The top of each of the members generally consists of fine-grained, low-density turbidites that 
are interpreted as overbank wedges. They are therefore compatible with type 3 (small 
volume, mud-laden) turbidite systems (Fig. 6.14; following Ori eta!, 1990 for the upper part 
of the Talieros Member). However, the interpretation by Ori et al. (op. cit.) for the nature of 
the lower, coarser parts of each member is more problematic. As neither lobes nor channel-
lobe transitions are recognised in these systems, the distinction between type 1 and type 2 
turbidites is very difficult, as the nature of the connection between the turbidite lobe and 
channel is one of the main features that distinguishes between them (Fig. 6.14). Equally, this 
characteristic is difficult to observe in the MHT when channels are observed in surprisingly 
distal positions (e.g. the Heptahorion-Pentalofon section which is the most south-easterly 
section observed by Ori et al., op. cit). If developed, the sandstone lobes would have been 
deposited to the south-east of the channel, in an area of relatively poor exposure, and no 
lobes are recognised in this area. The distinction between type 1 and 2 deposits is therefore 
considered inappropriate at present. 
Although the correlation of each of the turbidite systems with eustatic sea-level cycles is 
questionable, the base of each system may correlate with a relative drop in sea-level in at 
least part of the basin. Indeed, the accumulation of such large volumes of unconsolidated 
sediment in shelfal areas prior to resedir1ientation in deeper water requires rapid 
sedimentation rates which are usually only met by actively prograding deltaic systems during 
relative highstands (Mufti, 1985). Resedimentation is subsequently triggered either by shelf 
over-steepening or by a relative drop in sea-level that may result from tectonics. 
In summary, the work of Ori et al. (1990) forms a useful framework for the study of the 
Pentalofon Formation turbidites in the central MHT. However, a number of their 
interpretations are questioned and considerably more detailed work is required in this are in 
order to distinguish the constituent elements of each system. In addition, seismic sections 
may help to clarify the nature, size and position of feeder channels within each system which 
may not currently be appreciated due to lack of exposure. 
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6.15 	 The Pentalofon Formation in the Venetikos river-section 
6.15.1 	Sedimentary description 
The base of the Pentalofon Formation in the Venetikos section is marked by the sudden 
input of interbedded coarse-grained sandstone and conglomerate above the thin-bedded 
siltstones and sandstones of the Kipourio Member (Desprairies, 1977; Figs 6.15 and 6.16). 
Conglomerates are generally clast-supported in a sandstone matrix and the sandstones are 
friable and quartzose. Beds are typically relatively massive, with sharp bases, but little basal 
erosion. Up-section, bedding thickness and grain-size decrease over a stratigraphic 
thickness of around 1500 m (Fig. 6.15; plate 6.7E and F). Throughout the sandstones, 
detrital lignite is common and one leaf-bed was observed. A single soft sedimentary fold was 
observed, indicating slumping towards the north-east (plate 6.7E). 
1600 m above the base of the sequence, 22 m of poorly sorted coarse-grained 
conglomerate were observed (Figs. 6.15 and 6.16). Clasts are up to 50 cm in diameter and 
transported organic debris is abundant (including wood fragments up to 30 cm long). In 
several beds, the coarsest clasts often occur towards the top of the bed. Within the 
sandstone matrix to the conglomerate, fragments of bivalve, gastropod and coral were 
observed and interbedded with the conglomerate are highly organic-rich siltstones. The 
conglomerate is overlain by thin-bedded siltstones and organic-rich, fine-grained 
sandstones. 
Most of the remainder of the section consists of interbedded conglomerate, sandstone and 
siltstone, as logged in Figs. 6.15 and 6.16. The conglomerates are largely clast-supported, 
some contain transported corals and and others have highly erosive bases. In one bed, rip-
up clasts 70 cm in diameter were observed, and a further outsized clast was observed in a 
conglomeratic bed with an erosive topography of at least 4 m. The interbedded sandstones 
and siltstones are often organic-rich and far less-well cemented than the more quartzose 
sandstones exposed in the turbidites further north. This accounts for the planation of these 
sediments compared to the relative resistance of those forming the Voion Mountains. The 
top of the section consists of thin-bedded, laminated, siltstones and fine-grained 
sandstones with occasional bioturbation and organic-rich horizons. Throughout the section, 
the conglomerates are dominated by ophiolite (Fig. 6.17), although they also contain variable 
amounts of limestone and metamorphic/ igneous lithologies. 
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6.15.2 	Interpretation of the Pentalofon Formation in the Venetikos 
section 
The conglomerates at the base of the section indicate both a Pindos and Pelagonian zone 
provenance (Desprairies, 1977; Fig. 6.17). The rapid input of conglomerate may be the 
result of a eustatic lowering of sea-level, as discussed above. The observed leaf bed 
indicates a relatively proximal and shallow-water environment compared with that of the 
Talieros Member, and the high organic content of the deposits points to a delta-front origin 
for the sequence, which is supported by the observed slump. The Pindos zone sediment 
was therefore probably sourced from the same delta that deposited the underlying Kipourio 
Member, while Pelagonian sediment was supplied from the north-east (Fig. 6.13). As with 
the whole of the Pentalofon Formation in this section, the majority of coarser-grained 
deposits were deposited from traction currents, but some of the interbedded siltstones were 
probably deposited from suspension. 
Within the remainder of the Pentalofon Formation, the coarse-grained conglomerates 
containing large clasts towards the top of the bed are interpreted as F3 facies turbidites, 
deposited due to frictional freezing (table 6.2). In contrast, the erosive base to the bed 
containing the outsized clast is characteristic of a hype rconcentrated flow resulting from the 
down-slope transformation of a cohesive debris-flow through progressive mixing with 
ambient fluid (Mufti, 1992), hence the conglomerate is interpreted as an F2-F3 deposit (table 
6.2). Although such interpretations are normally applied to relatively deep-water turbidites, 
no palaeobathymetry is implied for these deposits. As with the lower part of the sequence, 
the high organic content suggests a relatively proximal environment, which is supported by 
the shallow- to marginal-marine environment of deposition of the overlying Tsotillion 
Formation. 
Despite a small number of axial palaeocurrents observed in this area, the fact that clasts are 
dominantly ophiolitic, compared with the much smaller ophiolite content of the turbiditic 
conglomerates further north indicates an important proportion of the sediment in this section 
was sourced directly from each margin. This is supported by the marked decrease in the 
content of metamorphic and igneous clasts in this part of the basin compared with the 
turbidites further north (Fig. 6.17 compared with Fig. 6.11), which is in good agreement with 
the existence of the Pindos and Vourinos Ophiolites along the margins of this part of the 
basin. The fact that only a small number of axial, south-eastwards flowing turbidites reached 
this part of the basin supports the fact that the basin shallowed from the Pentalofon section 
towards the south-east, so that the axially-flowing turbidites had to begin flowing gently 
uphill. Unfortunately, the similar nature of some of the micritic Cretaceous limestones which 
occur on each margin of the basin complicates the interpretation of clast provenance as apart 
from when metamorphic clasts are present, provenance is only clear when the limestones 
contain fossils (especially corals) which indicates a Pindos zone origin. 
The Venetikos section and the area west of Grevena are not easily correlated with the four 
constituent members of the Pentalofon Formation to the north (Fig. 6.8). This supports the 
idea that not all the members of the Pentalofon Formation in the central MHT are due to a 
eustatic change is sea-level. Furthermore, no biostratigraphic study has been carried out in 
this section, hindering correlation. 
6.16 	 The Meteora Member 
6.16.1 	Field relationships and sedimentary description 
The Meteora Member conformably overlies the Heptahorion Formation in the southern MHT. 
It is exposed as a series of spectacular cliffs north of Kalambaka and up to 15 km further 
north, where it dips towards the south-west (Fig. 3.17). However, its correlation with the 
Pentalofon Formation in the Venetikos section is unclear due to poor exposure. The 
Meteora Member is up to about 600 m thick, which contrasts strongly with the considerably 
greater thickness of the Pentalofon Formation in the Venetikos section (Fig. 6.8). The top of 
the member is marked by an angular unconformity which is overlain by non-marine 
conglomerates of the Vlahava Member (Tsotillion Formation; section 7.8). 
All observations and conclusions made in the the Meteora Member are consistent with the 
detailed study of Ori and Roved (1987). The Meteora Member consists predominantly of 
coarse-grained conglomerate and is organised into wedge-shaped bodies up to 50 m thick, 
which thicken towards the south-west, away from the basin-margin (plate 6.8). Internally, 
these contain low-angle cross-beds (with maximum dips of around 15 0) which have a 
tangential contact with the lower bounding surface. The top of some wedges contains more 
horizontal bedding, which sometimes contains slump scars or channels several metres deep. 
Clasts within the cross-beds (where accessible) are mainly self-supported, imbricated 
(indicating flow towards the south-west) and relatively well-organised, although less common 
disorganised, matrix-supported conglomerates were occasionally observed. The horizontal 
strata contain well-sorted clasts with imbrication in the opposite sense. Throughout the 
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wedge-shaped bodies, Ori and Roveri (1987) observed minor, local unconformities which 
become conformable moving basinward. 
Cross-cutting the wedge-shaped bodies are channeliSed bodies up to 40 m deep (plate 
6.8). These have sharply erosive concave bases perpendicular to the channel bases and are 
infilled by single sets of cross-beds which fill the whole channel. The cross-beds have dips of 
up to 40 0 
 towards the south-east, which are parallel to the channel orientation. The 
conglomerates in the channels are more coarsely-grained than in the wedge-shaped bodies 
(Ori and Roved (op. cit.) observed clasts up to 1 m in diameter) and have a higher sand 
content in the matrix. All clasts within both the channels and wedge-shaped bodies comprise 
clasts dominated by metamorphic lithologies (Fig. 6.17). 
6.16.2 	Sedimentary interpretation 
Following Ori and Roveri (1987), the Meteora conglomerates are interpreted as a fan delta 
complex. The wedge-shaped bodies are consistent with a Gilbert-type delta prograding 
towards the south-west, which is supported by the dip of the low-angle cross-beds and the 
clast imbrication within them. These cross-beds therefore represent the delta-front facies (On 
and Roveri, op. cit.). The opposite sense of imbrication in the horizontal beds at the top of 
each wedge indicates reworking by wave-action (Ori and Roveri, 1987; Bluck, 1967) and 
these are interpreted as top-set fades. The local unconformities which die out in a basinward 
direction suggest periodic uplift of the north-eastern basin margin, but no fault is clearly 
exposed in this area. A tectonic control is consistent with the large thickness and the coarse- 
grained nature of the fan delta. 
The axial channels are often as thick as the wedge-shaped bodies and erode into the latter 
(cf. the much smaller delta-top channels). Their internal cross-bedding is interpreted as the 
result of large channel bars which underwent frontal accretion by avalanching. The fact that 
no lateral accretion appears to have occurred led Ori and Roved (1987) to interpret the 
channels as having been entrenched within the wedge-shaped bodies either during periods 
of relatively lower sea-level or of basin-margin uplift. The latter is supported by the existence 
of the local unconformities. The channels flowed towards the south-east, i.e. had a transport 
direction perpendicular to that of the wedge-shaped bodies. Due to the channel 
entrenchment, Ori and Roved (1987) interpreted the two contrasting dispersal patterns as 
having been active at different times 
which contrasts with many other basins in which such 
sediment dispersal patterns occur synchronously. 
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The initial input of conglomerate above the Heptahorion formation marks a basinward shift in 
facies that may be due to a eustatiC drop is sea-level at the base of the Pentalofon Formation, 
local uplift of the Pelagonian zone or a combination of the two. The 
shallow-marine/ fluvial 
environment of deposition indicates a decrease in palaeobathYmetrY compared with the 
Venetikos section to the north. However, when axial palaeocurrents were active, they flowed 
towards the south-east. Therefore, during the deposition of the Pentalofon Formation, 
palaeobathYmetrv must have decreased axially towards the south-east from the VenetikoS 
section (Fig. 2.4) and then increased again towards Meteora (at least periodically). This is 
consistent with the relatively small thickness of Pentalofon Formation in this part of the basin 
(Fig. 6.8). The palaeOcUrreflts observed in the Meteora Member are also consistent with clast 
provenance data for the Meteora and Venetikos sections (Fig. 6.17). Whereas the Meteora 
clasts were originally sourced from the basin margin (predominantly metamorphic lithologieS), 
and periodically transported to the south-east, the Venetikos section conglomerates are 
dominated by ophiolite and contain relatively little metamorphic material, indicating a 
predominantly marginal source (Fig. 6.13). 
6.17 	 ConCIUS10flS 
Fades analysis within the Pentalofon Formation indicates an increase in basin 
ntalofOn section and then a decrease in 
p&aeobathYmetrY between Albania and the Pe  
palaeobathYmetY between the latter and the south-eastern tip of the basin. As such, the 
basin can be considered as having had a canoe-shaped morphology. This morphology is 
reflected in the thickness variation of the Pentalofon Formation, with a thickening towards 
the centre of the basin from either end (Fig. 6.9). It is also supported by palaeOcUrreflt data 
and clast provenance. These indicate that the dominant orientation of palaeocurreflts was 
axial, flowing towards the south-east. Conglomeratic clastS in both the northern and central 
segments of the basin comprise a mixture of lithologieS, but always contain a relatively large 
proportion of metamorphic and igneous lithologies derived from the PelagOnian zone. 
Although palaeOcurrent data is more scarce in the Venetikos section, the dominance of 
ophiolite and lack of metamorphic and igneous lithologies in the conglomerates suggests 
that sediment was dominantly sourced directly from the basin margins and not axially from the 
north-west. This may be because of the interpreted decrease in palaeobathYmetrY of the 
rbiditeS flowing axially towards 
basin towards the south-east in this area, which meant that tu  
the south-east had to flow up-hill. At the southern tip of the basin, clasts are again rich in 
metamorphic lithologies and periodicallY flowed either off the Pelagoflian margin or axially, 
towards the south-east. This therefore indicates that a p
alaeOtOpOgraP high existed 
somewhere in the poorly exposed area between the Venetikos and Meteora sections (Fig. 
6.13). 
The base of the Pentalofon Formation in Albania comprises a series of deltaic facies 
exhibiting a lateral gradation (towards the south-east) from the coal-bearing delta-top facies of 
the upper Lozhan Member to the sheet sandstone delta-front facies of the Plaza Member. 
This is overlain by a more coarse-grained deltaic sequence (the Gurit Te Kamies Member) 
which exhibits a similar proximal to distal relationship. In the more distal setting (along 
Morave), conglomerates are less channelised, less chaotic and interbedded with thick 
successions of shallow-marine to offshore siltstones. The top of the member is marked by 
algal limestone, which was previously correlated with the Ondria Member in Greece. This 
delta is interpreted as the area in which large volumes of unconsolidated sediment were 
deposited in a shallow-marine setting prior to redeposition as turbidites in the central MHT. 
Provenance studies are consistent with this hypothesis. 
The turbidite complex in the central MHT can be divided into four turbidite systems, following 
the work of Ori et al. (1990). Each of these has a coarse-grained base, at least locally, and 
fines-upwards. Although a maximum palaeobathymetry of several hundred metres water-
depth is interpreted for the centre of the basin (the Heptahorion-Pentalofon section; 
following Barbieri, 1992b), fades analysis and macro-fossils suggest deposition in 
considerably lesser water-depths in more northerly sections (at least during the deposition of 
the Kridari and Velos Members). 
Ori et al. (1990) proposed that the four turbidite systems could be correlated with third order 
eustatic sea-level cycles. Further palaeontological investigations confirm that the base of the 
Talieros Member may correlate with the 30 Ma datum associated with the base of the IB1 .1 
eustatic cycle of Haq et al. (1987) and facies analysis indicates a basinward shift in fades 
observed throughout the MHT. However, the incision occurred in the deepest-water 
sediments and no evidence exists for incision in the correlative shallow-marine sediments. 
The observed incision may therefore have occurred at the base of the submarine slope due 
to a change in gradient, and not due to a lowering of base-level. In this case, a eustatic 
control on deposition is unlikely. A more likely explanation is that the base of the Pentalofon 
Formation, although apparently conformable with the base of the Heptahorion in the field, is 
the unconformity recognised in seismic data that resulted from the uplift of the Pelagonian 
margin. This is supported by provenance data for the Pentalofon formation and by the 
apparent south-westward divergence of reflectors overlying the unconformity. If this is 
confirmed by further analysis of seismic data or boreholes, the periodic uplift of the 
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Pelagonian zone due to deformation at depth beneath the thrust-stack is most likely to have 
controlled the deposition of coarse-grained sediments within the Pentalofon Formation. 
The base of the Voion, Kridari and Velos Members exhibit far less evidence for correlation 
with the eustatic curve of Haq et al. (1987). The coarse-grained sediment interpreted as 
marking the base of these members (Ori et al., 1990) is not as clearly correlated over the 
basin as those at the base of the Talieros Member. Neither is incision observed at the base of 
the members, as might be expected in association with eustatic sea-level drops. 
Furthermore, the base of the Gurit Te Kamies Member (which correlates with the Voion 
Member) is interpreted as marking a relative increase in sea-level. 
Detailed facies analysis of the turbidite systems is hampered by lack of exposure and no 
lobes or channel-lobe transitions are recognised in the turbidite complex. Furthermore, no 
distinct submarine fan is recognised, so the complex cannot be interpreted in terms of many 
of the fan models in the literature. Type 3 depositional systems, consisting of small-volume, 
mud-dominated turbidites (Mutti, 1985; Fig. 6.15) are recognisable in the upper parts of each 
member (Ori et al., 1990). However, the lack of recognisable lobes or channel-lobe 
transitions makes the distinction between type 1 systems (characterised by channel-
detached lobes) and type 2 systems (characterised by channel-attached lobes) inappropriate 
(Fig. 6.15). The relatively distal position of the channels that were observed is also surprising 
(they mainly occur in the Heptahorion-Pentalofon section) and further detailed faôies analysis 
is required to clarify the relationships between different elements (sensu Mufti and Normack, 
1987) within each turbidite system. 
The Pentalofon Formation in the Venetikos section comprises interbedded units of 
conglomerate and sandstone which are still deposited from traction currents and can be 
classified according to the facies scheme of Mufti (1992). However, the presence of at least 
one leaf bed and abundant organic material suggests a delta-front setting and material is 
interpreted as having been shed directly from the basin margins. Its precise correlation with 
the turbidite complex to the north-west is unclear. Furthermore, its relationship with the 
distinctly thinner Meteora Member at the south-eastern end of the basin is unclear, due to 
poor exposure. The Meteora Member comprises fan-delta conglomerates which were 
alternately shed off the Pelagonian zone towards the basin centre and cut by entrenched, 
axially flowing channels. Deposition was probably controlled by movement on a basin-parallel 
structure, as supported by local unconfonmities within the sequence, which die out towards 
the basin centre. 
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Chapter 7: The Tsotillion-Grevena Formations 
7.1 	 Introduction 
This chapter describes the final stages in the evolution of the Meso-Hellenic Trough (MHT); 
the deposition of the Tsotillion, Nestorion, Damaskinea, Librazhd and Grevena Formations. 
Due to erosion, the outcrop of these formations is considerably less laterally continuous than 
the outcrop of the Heptahorion and Pentalofon Formations. However, they still form 
continuous stratigraphic sections more than 2000 m thick, hence form an important 
proportion of the basin-fill. Furthermore, the Tsotillion-Damaskinea Formations (the top of the 
Meso-Hellenic Group) are L.-M. Miocene in age and were deposited synchronously with the 
oldest known extensional, post-orogenic sedimentary basins in northern Greece. It is 
therefore important to constrain the main controlling tectonics active during their deposition. 
New data presented in chapter 2 suggest that the deposition of the upper Tsotillion 
Formation and Nestorion/ Damaskinea Formations may have been synchronous. However, 
as the Nestorion Formation overlies at least the lower part of the Tsotillion Formation (Fig. 
7.4), and is only preserved in outcrops entirely separate from the those of the upper 
Tsotillion Formation, they are considered independently. Within the Tsotillion and Nestorion 
Formations, a number of unconformities are described and interpreted along with related 
sedimentation. Such unconformities give an important indication of the state of stress during 
the final development of the basin. Palaeocurrent and provenance data provide further 
evidence as to the main source of sediment in the MHT. 
The beds of the Tsotillion Formation in the central Meso-Hellenic Trough are less rotated 
than those of the Heptahorion and Pentalofon Formations, which have been folded into a 
north-east dipping monocline. The geometry of the Tsotillion Formation in cross-section 
therefore preserves the geometry of the MHT during the basin's final evolution and can be 
contrasted with the geometry inferred for the Pentalofon Formation from seismic data to 
constrain the timing of formation of the monocline. 
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7.2 	 Justification and description of the interpreted position of the 
base of the Tsotillion Formation 
Due to depocentre migration in the cetral MHT, the base of the Tsotillion Formation overlies 
both Pelagonian basement and the Pentalofon Formation. The grain-size of the basal part of 
the formation is very different at the south-eastern and north-western ends of the MHT, 
which has important implications for the interpretation of the primary influences on 
deposition. Prior to an analysis of the sedimentary evolution of the Tsotillion Formation, this 
section therefore describes and justifies the position of the base of the Tsotillion Formation 
in different parts of the basin. The basal contact was first described in a number of localities 
by Faugeres (1978), but the position of the base of the formation in some of those sections 
is reinterpreted here. The basin is considered in two sections; a north-western half, 
extending from Morave (the most northerly exposure of the Tsotillion Formation) to the area 
around the Klima lineament (enclosure 3); and a south-eastern half to the south-east of the 
Klima lineament. 
7.2.1 	Onlap of the Tsotillion Formation onto the Pelagonian zone 
and associated depocentre migration 
In contrast with the Albanian segment of the MHT (enclosure 2), the Greek segment of the 
MHT illustrates an important north-eastward depocentre migration (Figs. 3.14 and 3.15). 
Field relationships (IFP, 1962; Faugeres, 1978) and unpublished seismic data suggest that 
this resulted from the syn-depositional uplift and rotation towards the north-east of the 
basin's north-western margin in the (?)late Oligocene to early Miocene. The result is that the 
MHT in this area is highly asymmetrical, with the Tsotillion Formation onlapping the 
Pelagonian zone along the north-eastern margin of the basin. This is clearly observed near 
the villages of Vogatsikon, Dafneron, Pontini (Fig. 2.4) and east of Asproklissia (Fig. 2.5). 
The line along which the top of the Pentalofon Formation onlaps basement in the sub-
surface is constrained by field relationships (outcrops uplifted due to post-depositional 
reverse faulting and inversion as well as borehole data). The former mainly occur south of the 
Klima lineament (enclosure 3). 
7.2.1.1 	The Neapolis boreholes 
The boreholes are located north of the Klima lineament, near the town of Neapolis 
(enclosure 3). The first borehole (Ne-1) encountered Cretaceous limestone at a depth of 
600 m (near the crest of the Neapolis anticline) and the second (Ne-2), to the west, 
encountered limestone at a depth of 1030 m. The predominant lithology encountered by 
the boreholes (siltstone and fine-grained sandstone) is consistent with outcrops of the 
Neapolis Member. However, at the base of borehole Ne2, a sandy limestone was 
encountered overlying a basal conglomerate. IFP (1962) interpreted the basal conglomerate 
as being a sub-aerial (possibly fluvial) deposit and the limestone as being a littoral deposit, 
similar to the transgressive Tsotillion Formation deposits near Vogatsikon. The age of the 
sediments in the borehole was originally interpreted as being U. Aquitanian to L. Burdigalian 
(IFP, 1962), but the presence of Globigerinoides triobus near the base of both boreholes 
suggests that the whole succession may be reinterpreted as Burdigalian, according to the 
zonal scheme of Borsetti et al. (1979). It is therefore all interpreted as part of the Tsotillion 
Formation (IFP, op. cit.). 
	
7.2.1.2 	The base of the Tsotillion Formation south-east of Klima 
Immediately south-east of Klima (south of the Aliakmon River), the Tsotillion Formation is 
exposed above Cretaceous limestone (Faugeres, 1978; Fig. 7.3). The limestone is exposed 
in the core of an anticline interpreted as an U. Miocene inversion structure due to movement 
along the Taxiardis fault at depth (enclosure 3; section 3.4.1.2). There is considerable 
topography on the limestone, so that the basal 10 m of sediment (Fig. 7.1) are all observed 
onlapping the limestone. Locally, limestone blocks up to 3 m in diameter occur along the 
contact. Well-rounded and well-sorted conglomerate is predominantly derived from the 
underlying limestone and the overlying calcareous sandstones and poorly-cemented, rubbly 
limestones contain a rich fauna of corals, algae, and molluscs. The sequence fines upwards 
into siltstones containing small thin-shelled bivalves and gastropods. 
The lower part of the succession is interpreted as having been deposited in a high energy 
upper shoreface environment. The limestone blocks are interpreted as locally derived from a 
beach cliff, which has since been eroded away. The fining upwards trend records a 
deepening in the environment of deposition to a lower shoreface/ offshore environment, 
with an associated decrease in the size and diversity of the fauna. 
7.2.1.3 	The base of the Tsotillion Formation, south-west of Taxiardis 
Exposure of the basal contact of the Tsotillion Formation above ophiolite in this area is due to 
movement at depth on the Taxiardis fault (enclosure 3), which has resulted in both the 
contact and overlying beds dipping at 65 0 towards the north-east (Faugères, 1978; Fig. 
7.18). The basal succession consists of up to 130 m of coarse, red, poorly-cemented 
See Fig. 1.6 for key to map 
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ophiolitic conglomerate. Clasts are commonly up to 50 cm in diameter and are probably locally 
derived. Above the ophiolitic conglomerate is a 10 m bed of coarse limestone breccio-
conglomerate, above which 240 m of fossiliferous sandstones and siltstones occur (Figs. 
7.16 and 7.17). Due to their colour and lack of fossils, the basal conglomerates are 
interpreted as being of sub-aerial origin and are probably fluvial. Above the limestone 
breccio-conglomerate, the diverse fauna of corals, bivalves and gastropods is interpreted as 
indicating a shoreface environment. 
7.2.1.4 	Summary 
In addition to the transgressive deposits exposed along the eastern margin of the MHT in this 
area, the above outcrops and boreholes indicate the minimum south-westerly position of 
direct on/a p of the Pelagonian zone by the Tsotillion Formation. At the base of these 
sections, marine transgression in a shoreface environment is preserved either onto a thin 
sequence of non-marine conglomerates or directly onto the Pelagonian zone. 
7.2.2 	The contact of the Tsotillion Formation with the Pentalofon 
Formation in the northern half of the Meso-Hellenic Trough 
The sections considered here include those traversing Morave (Figs. A1.4 and A1.5), the 
Pevkos Gorge section (Figs. 2.3 and A1.7) and the Heptahorion-Tsotil lion road section (Figs. 
2.4 and A1.8). In each section, the contact with the Pentalofon Formation is gradational and 
the sequence fines upwards from the upper Pentalofon Formation to the top of the Tsotillion 
Formation, in contrast with the equivalent succession in the south-eastern MHT (see below). 
The fining-upwards involves a reduction in grain-size from micro-conglomerate and medium-
to coarse-grained sandstone into fine-grained sandstone and siltstone. The position of the 
contact in the Heptahorion-Pentalofon road section (Fig. A1.8) was originally described by 
Brunn (1956) and remains unchanged here. However, there is still no clear biostratigraphic 
datum for the base of the formation (section 2.4.2.3). 
7.2.3 	The contact of the Tsotillion Formation and the Pentalofon 
Formation in the southern Meso-Hellenic Trough 
In contrast with the northern half of the basin, the interpreted position of the base of the 
Tsotillion Formation in the southern half of the basin is locally unconformable and marked by 
the rapid deposition of coarse-grained conglomerates (the base of the Itea and Vlahava 
Members; enclosure 1). At the base of the Viahava Member, blocks of schist over 1 m in 
250 
diameter were deposited in a fluvial environment. In the Venetikos River section, further 
north, the conglomerates are finer-grained, well-sorted, imbricated and overlie siltstones and 
fine-grained sandstones at the top of the Pentalofon Formation. The grain-size of the basal 
conglomerates decreases north-westwards as far as Ag. Georgeos (Fig. 2.4; Faugeres, 
1978; Savoyat and Monopolis, 1972) and they were all sourced from the Pelagonian zone 
(Figs. 7.2 and 7.3). Furthermore, the unconformity at the base of the Vlahava Member 
passes north-westwards into a correlative conformity at the base of the ltea Member. The 
coarseness of the basal Tsotillion Formation in the southern MHT (cf. the northern MHT) is 
therefore interpreted to be related to the uplift and erosion of the Pelagonian zone. 
The interpreted position of the base of the Formation in the Venetikos section contrasts 
significantly with the interpretation of Faugères (1978) who placed the base of the formation 
2200 m higher, above what is reinterpreted here as a minor, localised sub-marine 
unconformity (section 7.7.9.1). The interpretation proposed here suggests a Tsotillion 
Formation totaling 2400 m in stratigraphic thickness, as compared with Faugeres' (1978) 
interpreted stratigraphic thickness of approximately 1100 m. This contrasts with a minimum 
vertical thickness for the Neapolis Member of 1072 m (as encountered in boreholes near 
Neapolis ; IFP, 1962; section 7.2.1.1) which would have undergone considerable 
compaction due to the silty lithology. Furthermore, as the latter is a vertical section, it does 
not take into account the significant depocentre migration known to have occurred during 
the deposition of the formation. Given the fact that the Itea Member was deposited in an area 
of particularly high clastic input into the basin, the interpreted position of the base of the 
Tsotillion Formation (implying a stratigraphic thickness of 2400 m) is more consistent with the 
thickness of the formation to the north, than the interpretation of Faugeres (1978). 
As neither the underlying Meteora Member conglomerates or the Vlahava Member 
conglomerates contain any fossils, the age of the unconformity is impossible to date 
accurately. However, both the Itea and Vlahava Members can be mapped north-westward 
along strike and can be correlated laterally with the Neapolis Member. Given the uncertainty 
of the age of the Pentalofon-Tsotillion Formation contact in the northern half of the basin, the 
available biostratigraphic data from the southern half suggests that the interpretation of the 
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7.3 	 The Sinice Member (Morave). 
7.3.1 	Field relationships 
The Sinice Member conformably overlies the Bradvice Member of the Pentalofon Formation 
and is interpreted as representing both the Tsotillion and Nestorion Formations. It is best 
exposed along the Dardhe and Bradvice cross-sections (Fig. 2.3), where it is 800 m and 
1200 m thick, respectively (Figs. A1.4, A1.5 and A1.6) and overlain by the Damaskinea 
Formation. 
7.3.2 	Lithological description 
The base of the section is marked by a 100 m transitional section which overlies the micro-
conglomeratic Bradvice Member. It comprises interbedded siltstone and medium-grained 
calcareous sandstone, containing in one bed an apparently in situ shallow-marine fauna 
which includes Scutella sp. and Corbula sp. Above this, the remainder of the section is 
dominated by blue, well-lithified, fine-grained sandy siltstones and contains a high proportion 
of pelagic foraminifera, including Globigerinoides trilobus (P. Pashko, pers. comm.). 
Interbedded with the siltstones are rare, laterally continuous, medium-grained sandstone 
beds, 20-50 cm thick. 
Several coarser-grained, erosive or slumped units are interbedded with the siltstones. 170 m 
above the base of the Dardhe section (Fig. A1.5), 8 m of interbedded conglomerate, micro-
conglomerate and coarse-grained sandstone were observed. The conglomerate is 
moderately well-sorted in a sandstone matrix and contains transported rhodoliths of 
Lithothamnium (red algae) as well as Cardium sp. One of the micro-conglomerate beds 
contains rip-up clasts of siltstone and fine-grained sandstone as well as a block of calcareous 
sandstone up to 1 m long. 40 m higher in the section, several coarse sandstone channels 2-
5 m wide, have an erosive topography of 60 cm. At the margin of one of the channels is a 
syn-sedimentary normal fault with a throw of 50 cm and the sandstone bed immediately 
above the fault both thickens and is slumped on the downthrown side. At the top of the 
channelised succession, the topmost channel is truncated by a minor, low-angle, angular 
unconformity. Higher in the succession (1420 m; Fig. A1.6), siltstones are interbedded with 
a Lithothamnium-rich sandstone containing reworked Miogypsina sp., Amphystegina sp. and 
bryozoans. These are eroded by a channel with an erosive topography of at least 10 m (plate 
7.1 A). The channel is micro-conglomeratic at its base and fines upwards into coarse-grained 
sandstone. Flute-marks indicate flow towards 290 O  Two further slumps were observed in 
this section at 1610 and 1830 m (Fig. A1.6). In the first, consolidated limestone rich in 
Lithothamnium and benthic microfossils overlies siltstone containing small gastropods. The 
siltstone has been deformed around the base of the limestone and a detached block of the 
limestone occurs within the siltstone, indicating that the latter was not lithified at the time of 
slumping. The second, visible in a cliff section, was wholly unconsolidated when slumping 
occurred and consists of a sandstone unit 3 m thick which laterally terminates abruptly and is 
overfolded at one end. 
Although thicker, the Bradvice section is less well exposed than the Dardhe section. It 
generally consists of more monotonous siltstone than the latter. However, at 2400 m in Fig. 
A1.4, a 25 m long convex-upward sand-body was observed (plate 7.1 B) comprising medium-
to coarse-grained sandstone which is onlapped by siltstone. 
7.3.3 	Sedimentary interpretation of the Sinice Member 
The gradation from shallow-marine bivalves to a fauna dominated by pelagic micro-fossils 
indicates a gradual increase in palaeobathymetry. However, the occasional input of coarse-
grained sandstone and conglomerate containing a high proportion of shallow-marine 
detritus, such as Lithothamnium rhodoliths and benthic micro-fossils indicates deposition in 
relatively proximal, offshore conditions (estimated from the micro-fauna to have been 50-100 
m water-depth; Pashko, pers. comm.). This is supported by the consolidated slumped block 
of limestone, which is only interpreted to have only been transported a short distance and 
overlies siltstone containing a thin-shelled gastropod. Furthermore, the 25 m long 
sandstone bedform described from the Bradvice section is interpreted as an offshore 
sandbar. 
The monotonous siltstone lithology suggests a relatively low-energy environment of 
deposition beneath storm wave-base, that was little affected by current activity. Rare 
sandstone beds were deposited from traction currents, probably turbidites. However, the 
punctuated deposition of a variety of more catastrophic beds characterises much of the 
succession and may indicate syn-sedimentary faulting. This is supported by the association 
of several small channels with a low-angle unconformity and a syn-sedimentary normal fault. 
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7.4 	 The Neapolis Member 
7.4.1 	Field relationships 
The Neapolis Member transitionally overlies the Velos Member of the Pentalofon Formation 
between Tsotillion and the Greek border. It exhibits depocentre migration north-eastwards 
and onlaps the Pelagonian zone along the north-eastern margin of the basin. It is possible to 
reconstruct the geometry, at least in cross-section, of the area in which the Neapolis Member 
was deposited (IFP, 1962; Fig. 7.4), because the position of the top of the member is 
constrained by its contact with the overlying Nestorion Formation, whereas in other parts of 
the basin it is not known how much of the Tsotillion Formation has been eroded. Although 
the basal Nestorion Formation contact is locally unconformable, erosion of the Neapolis 
Member was not extensive. The inferred geometry of the area of deposition is not especially 
altered even if the Nestorion/ Damaskinea Formations correlate with the upper half of the 
Tsotillion Formation (Fig. 7.4). This geometry is important, as it clearly illustrates greater 
sediment thickness and subsidence towards the north-east, which contradicts with the 
south-westward thickening interpreted from seismic data for the Pentalofon Formation 
(section 3.4.1.2). The change in basin geometry at this time and the observed north-
eastward depocentre migration suggests that uplift of the Pindos margin resulting from 
thrusting at depth can be constrained as having occurred during the (?)Aquitanian (L. 
Miocene). 
Near Nestorion, the Neapolis Member conformably overlies the Pentalofon Formation and is 
itself unconformably overlain by the Nestorion Formation. The preserved thickness of the 
Neapolis Member is 200-300 m (Fig. A1.7) and a similar thickness was also observed 
between the Pentalofon and Nestorion Formations south of Mt. Ondria (Fig. 7.4). In contrast, 
borehole Ne2 encountered 1030 m of the Tsotillion Formation directly overlying Pelagonian 
basement and the estimated stratigraphic thickness is 1500-2000 m (IFP, 1962). The 
geometry of the Neapolis Member in cross-section therefore approximates a wedge (Fig. 
7.4). 
7.4.2 	Facies associations in the Neapolis Member 
As described above, the Neapolis Member can be divided into several basin-parallel areas of 
deposition (IFP, 1962); a r.!atively thin south-westerly area, a thick central area and a 
transgressive north-easterly area. Of these, the first and last are well-exposed around 
Nestorion and Argos Orestikon respectively and the poorly exposed central area was 
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Figure 7.4 
investigated by the Neapolis boreholes (IFP, 1962). 
7.4.2.1 	South-western fades associations 
In the south-westerly area, a facies transition also occurs parallel to the basin axis from 
sandstone and micro-conglomerate east of Morphi (Figs. 2.4; A1.8) to siltstone around 
Nestorion (Figs. 2.3; A1.7). The base of the section comprises beds 10-30 cm thick of fine 
and medium-grained sandstone interbedded with siltstone. Sole-marks observed in this 
transitional section with the Pentalofon Formation (Fig. 6.9) indicated continued NW-SE 
trending axial palaeo-currents, which probably flowed towards the south-east. Several 
slumps were also observed (e.g. plate 7.2C). The majority of sandstone beds have planar 
bases and up-section they form increasingly less of the sequence with regard to siltstone. 
Around Nestorion, the lithology is dominated by siltstone, which lower in the section 
contains small, thin-shelled gastropods and solitary corals, occasionally concentrated in 
shelly lags. Interbedded are rare sandstone beds containing rip-up clasts, cross-laminations, 
flame-structures and sole-marks. At the top of the section (below the Nestorion Formation, 1 
km ENE of Nestorion; Fig. 7.21), thin beds of in situ red algae are intercalated with siltstone. 
Immediately beneath the unconformity, the grain-size increases to that of a fine- to medium-
grained sandstone in which a wide variety of shallow-marine bivalves occur. Redeposited, 
matrix-supported Lithothamnium rhodoliths were also observed in a 30 cm bed south-east of 
Nestorion and the Aliakmon river (Fig. 7.21). To the north-east of the Aliakmon fault, a 
channel with an erosive topography of 30 m was observed (plate 7.2A). At its base it is infilled 
with 20-30 cm beds of well-bedded sandstone that are clearly discordant with the beds 
beneath the channel. The former contain either planar laminations, with occasional cross-
laminations preserved at the top of the bed, or climbing ripples throughout the whole bed 
(plate 7.213). 
Similar lithologies to those described at Nestorion were observed near Mesovraki (Fig. 3.19). 
Here, monotonous siltstones form a dip-slope west of the village and are overlain by algal 
limestone and calcareous sandstone interpreted as forming the base of the Nestorion 
Formation. At the top of the Neapolis Member, north of a minor normal fault, a consolidated 
slumped block at least 100 m long occurs (plate 7.21D). 
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7.4.2.2. 	Central facies associations 
The central part of the basin is poorly exposed due to farming. Along the Pentalofon-
Tsotillion section, there is sporadic exposure as far east as Neapolis (Fig. 2.4), but only the 
base of the formation is logged in Fig. A1.8. The former outcrops expose both micaceous 
siltstone, containing thin-shelled gastropods and quartz- and mica-rich, well-sorted medium-
grained sandstones with rip-up clasts at their base. One conglomeratic channel has a basal 
topography of 2 m, contains coarse-grained, orange sandstone and erodes cream-coloured 
marls. The Neapolis boreholes predominantly encountered interbedded siltstone and fine-
grained sandstcne containing a fauna of planktonic foraminifera (IFP, 1962). 
7.4.2.3 	North-eastern facies associations 
3 km north-east of Neapolis, where the Neapolis-Vogatsikon road crosses the Aliakmon river 
(Fig. 2.4), a small outcrop of the Neapolis Member comprises coarse-grained sandstone and 
conglomerate. The conglomerate clasts comprise well-rounded and moderately well-sorted 
vein quartz and less common metamorphic lithologies with a mean clast-diameter of 1.5 cm. 
The sandstone is orange, quartzose and poorly cemented. Logs up to 50 cm long occur in 
several beds. 
Immediately west of Vogatsikon (Fig. 3.25), Triassic/ Jurassic Pelagonian zone limestone is 
onlapped by the Tsotillion Formation. The basal contact is locally steep and bored by 
Lithophaga, and has been interpreted by Faugeres (1978) as a palaeo-cliff formed by 
faulting. The basal succession consists of an oyster-rich layer onläpping blocks of basement 
limestone, overlain by interbedded coralline limestone and calcareous sandstone (Faugeres, 
op. cit.). 2 km west of this (exposed on either side of the Aliakmon river), siltstone is 
interbedded with numerous horizons of algal limestone as well as beds of poorly-cemented, 
quartz-rich, medium- and coarse-grained sandstone. One of the latter contains trough cross-
beds 1.5 m thick and the succession contains two localised unconformities (Fig. 3.25). 
Further west (near the base of the Nestorion Formation, 2 km west of Simatron; Fig. 2.3), 
siltstone is overlain by 25 m of interbedded coarse-grained quartzose sandstone and 
conglomerate. Along the basal contact rip-up clasts up to 75 cm long occur and the 
conglomerates comprise Triassic limestone (53%), vein quartz (13%) and igneous/ 
metamorphic lithologies (34%). 
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7.4.2.4 	Sedimentary interpretation of the Neapolis Member 
The south-western facies associations reflect a gradation from deeper-water deposition in 
the south-east to shallower-water deposition further north-west, as observed in the 
Pentalofon Formation. The base of the section east of Morphi is interpreted as a sequence 
of high- and low-density turbidites which is gradational with the underlying Pentalofon 
Formation. Slumping was probably triggered either by slope instability or seismic shock. The 
slumps and turbidites gradually disappear up-sequence as the basin infilled and deposition 
occurred in a lower-energy, shallower-water environment. 
Near Nestorion, the passage from Pentalofon Formation sandstones to Neapolis Member 
siltstones marks a lowering of the number of mass-flow sandstone beds. The siltstones were 
deposited in an offshore environment, as indicated by the small, fragile fossils. The 
palaeobathymetry evidently decreased, since there is an increase in the occurrence of 
fossiliferous, shallow-marine sandstone and algal limestone progressively up-section. The 
beds infilling the 30 m channel are high-energy deposits, laid down under upper flow-regime 
conditions. Their angular relationship with the underlying beds indicates that channel 
formation and tilting occurred synchronously, and is interpreted as the result of movement 
on the Aliakmon fault. The 100 m slump near Mesovraki may also be the result of tectonic 
activity, as interpreted for the slumps within the Sinice Member, further north. 
The interpretation of the central area is difficult, as the Neapolis cores were not observed. 
The exposures near Tsotillion and Neapolis appear to be offshore deposits, with an 
increasing input from the Pelagonian zone in the form of the quartzose sandstones. The 
relatively rapid subsidence of this area relative to those to the south-west and north-east is 
indicated by its greater thickness and the presence of common planktonic microfossils. 
The north-easterly facies have a strong continental influence (as indicated by the logs north-
east of Neapolis and the proximal quartz-rich sandstones and conglomerates of Pelagonian 
origin). The log-bearing conglomerates are interpreted as having been deposited by fluvial 
currents, which may have maintained their momentum to deposit the conglomerates in a 
shallow-marine environment. West of Vogatsikon, the basement limestone is interpreted as 
having formed a beach cliff (following Faugeres, 1978) but in contrast with Faugeres (op. 
cit.), all the limestone breccias are interpreted as being sedimentary in origin, as shed from 
the cliff. Deposition of the overlying sequence occurred in a shoreface environment with 
active current activity, as indicated by the well-sorted, occasionally cross-bedded 
sandstones. 
In summary, the greatest subsidence occurred in the central area and shallower-water 
offshore and shoreface deposits were laid down in the north-east and south-west areas. 
Sediment was largely sourced from the Pelagonian zone, which shed quartz-rich sandstones 
and conglomerates into the basin along its north-eastern margin. Possible evidence of 
meso-scale syn-sedimentary deformation occurs in a number of sections. 
7.5 	 The Asproklissia Member 
7.5.1 	 Field relationships and sedimentary description 
Although it occurs in the southern segment of the basin (enclosures 1 and 3), the 
Asproklissia Member is briefly considered here as it represents a similar environment to that 
of the Sinice Member and parts of the Neapolis Member. It crops out in a north-south 
orientation near the village of Asproklissia (enclosure 3) and may be correlated as far north as 
Sarakina. It transgressively overlies the fluviatile conglomerates of the Vlahava Member, and 
is overlain above a local unconformity by conglomerates of the Itea Member (section 7.7.6). 
In its holostratotype near Asproklissia, the member has a thickness of 600-700 m (IFP, 1962). 
The section consists predominantly of micaceous siltstone and contains small in situ bivalves 
and gastropods, bryozoans and rare solitary corals as well as abundant organic detritus. More 
rarely, the fauna is found concentrated in shelly lags. The lithology and fauna is similar around 
Neohorion to the north (Fig. 2.4), where a number of whole leaves were collected from the 
siltstones and one slump was observed. At Sarakina (enclosure 3), a further bed was 
observed in which soft sediment folds (n=18) verge both towards the east and west (Fig. 
7.19). Approaching the Pelagonian margin (north of the Aliakmon river, 3 km south-west of 
Neohorion; Fig. 2.4), a small outcrop of the Asproklissia Member comprises 1 m beds of 
limestone containing abundant in situ coral, red algal rhodoliths and bivalves. 
7.5.2 	 Interpretation 
The presence of abundant organic detritus, including whole leaves, testifies to the relative 
proximity of land. The occurrence of small molluscs and solitary corals suggest deposition in 
an offshore environment. Silt was probably deposited from suspension and the abundant 
mica suggests it was probably sourced from erosion of the Pelagonian zone. The in situ 
position of the bulk of the fauna and the lack of interbedded sandstone points to little current 
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activity, although occasional currents are interpreted to have produced the shelly lags. The 
deformed bed at Sarakina which contains minor asymmetric folds of bimodal vergence does 
not appear to have been transported. The variation in vergence is therefore not the result of 
rotation of the folds (as observed in slumps by Woodcock, 1979 and Farrell and Eaton, 1987) 
and is interpreted as the result of seismic activity. The observed limestone crops out nearer 
the basin margin, and is interpreted as a more proximal, shoreface deposit. 
7.6 	 The Koromilea Member 
7.6.1 	 Field relationships 
The Koromilea Member crops out along the eastern margin of the MHT in northern Greece 
(Fig. 3.19). Along the majority of its margins, the unit is interpreted as being fault-bounded 
(following IFP, 1962), although it onlaps the Pelagonian margin near Koromilea and 
unconformably overlies the Bitincke Member (Basin-margin Group), 2 km south-east of 
Eropigi (Fig. 3.19). This interpretation contrasts with that of Plastiras (1990) who considered 
that the western part of the Koromilea Member (Fig. 3.19) is part of the Ormofoklissia Member 
and that no fault exists along this margin. Furthermore, he mapped the Bitincke Member 
conglomerates as part of the Tsotillion Formation, which he considered to be in conformable 
contact with the northern part of the Koromilea Member. The member contains no datable 
fossils and IFP (1962) mapped the area as part of the Pentalofon Formation, based wholly on 
its lithology. However, the member is reinterpreted as belonging to the Tsotillion Formation, 
due mainly to its position along the north-eastern margin of the basin and its onlap of the 
Pelagonian zone. As the Pentalofon Formation is not observed onlapping the Pelagonian 
zone anywhere in the MHT, its occurrence is taken as a distinguishing feature of the 
Tsotillion Formation in this part of the basin. 
7.6.2 	Fades associations 
Along the north-eastern margin of the basin, the member is well exposed north-east of Levki, 
where the succession consists of interbedded conglomerate, sandstone and clay (Figs. 2.3 
and 7.5). Much of the sequence is red in colour. The conglomerates are moderately well 
sorted, clast-supported and comprise almost exclusively metamorphic lithologies. They 
occur in beds ranging from only 20 cm in thickness to more homogeneous, chaotic units up 
to 5 m thick. Many of them have erosive bases and some form highly erosive channels 
containing clasts up to 30 cm in diameter. Occasional clast imbrication indicates flow towards 
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.Sedimentary log through the Koromilea Member, north of Levki 































the west. Interbedded sandstones are generally thinner-bedded and commonly fine 
upwards from micro-conglomerate. Some fine-grained sandstone beds contain abundant 
ripple cross-laminations and, more rarely, loading structures. Red, clay-rich siltstone units 
several metres thick contain green reduction spots and in some cases appear to have been 
reworked as the matrix to conglomerates. The siltstones contain no body-fossils or 
bioturbation, but in two localities they were found interbedded with 1 cm lignite beds. 
Towards the top of the section, the conglomerate becomes less common, the section 
becomes grey-green in colour and several horizons rich in reworked marine bivalves were 
found. Similar lithologies are found along this margin near Koromilea and Dendrohorion (Fig. 
3.19). 
At its western extent, north of the village of Oivon, (the "mainly marly series of Plastiras, 
1990), the succession is totally grey-green in colour. Above its unconformable contact with 
the Bitincke Member, several leaf beds were observed. Further south, a medium- to coarse-
grained sandstone bed contains two logs 1.5 m long and numerous smaller wood fragments 
and Plastiras (1990) also mapped a lignite layer. However, also interbedded in the sequence 
are sandstones and siltstones containing in situ shallow-marine bivalves including Pecten 
sp., Bucadiomya.sp, Pinna sp. and Veneracea callista. The succession generally consists of 
interbedded conglomerate, sandstone and siltstone, as observed along the north-eastern 
basin margin, but beds are typically more sheetlike and no clay-rich horizons occur. The 
conglomerate clasts still comprises metamorphic lithologies. 
7.6.3 	Sedimentary interpretation 
Due to its red colour and the lack of body- or trace-fossils at the base of the section near 
Levki, the succession is interpreted as being continental in origin (following IFP, 1962). The 
conglomeratic lithologies were sourced from the Pelagonian zone, as supported by clast 
imbrication. Thin lignite beds, red clay-rich siltstones and cross-laminated, fine-grained 
sandstones were probably deposited in an overbank environment and the conglomeratic 
beds were deposited either as channels or sheet-flood deposits. The succession was 
deposited either in a fluvial or alluvial fan environment. Up-section, the presence of marine 
fossils testifies to transgression over the Pelagonian margin. 
The deposits further west are interpreted as the lateral equivalent of those described above. 
Their colour and the marine fossils found sporadically throughout the succession indicate 
deposition in a more distal environment, with greater marine influence. However, the 
presence of leaf and lignite beds indicate that the latter were only deposited during marine 
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incursions. Logs observed in coarse-grained sandstone still indicate an important 
component of fluvial input into the system. The environment of deposition probably 
therefore fluctuated between that of an alluvial fan and fan delta. 
The lateral fades relationship between the Koromilea Member and the Sinice and Neapolis 
Member is unclear, as they are never observed in contact. The Koromilea Member passed 
laterally south-eastwards into the shoreface deposits of the north-eastern Neapolis Member 
facies association. Immediately to the west of the Koromilea Member, interbedded siltstones 
and sandstones attributed to the Sinice Member (Fig. 3.19) contain a variety of shallow-
marine bivalves, echinoids and a crab and are interpreted as shoreface deposits. The input of 
a large volume of coarse, fluvially-sourced Pelagonian zone detritus in the Koromilea area is 
therefore interpreted to have locally outpaced subsidence to result in deposition at or above 
sea-level, while deposition further from the area of sediment input was still in a fully marine 
environment. 
7.7 	 The Itea Member 
7.7.1 	Introduction' and field relationships 
The lteaMember outcrops in the area immediately west of the Vourinos Ophiolite. It passes 
laterally to the north-west into the Neapolis Member siltstones and to the south-east into the 
Vlahava Member conglomerates and the Asproklissia Member siltstones (enclosure 1). In the 
latter area, the [tea Member interfingers with the Asproklissia Member between Sarakina and 
Asproklissia, and along its north-eastern margin it onlaps Pelagonian zone basement. The 
Itea Member comprises a range of sediments which is characteristically coarse-grained 
relative to its lateral equivalents. These were examined in one continous section (the 
Venetikos/ Potamia river section) and in several smaller sections (Fig. 7.6). Due to the 
discontinuity between smaller outcrops, and the folding and faulting in the area, the 
stratigraphic relationships between the different sections and facies is not always clear. To 
facilitate the description of the different lithologies in so many localities/ sections, they are 
described according to their interpreted environments. However, because the different 
sections are not easily correlated, it is not possible to reconstruct detailed palaeogeographic 
maps of the area for different phases of Itea Member deposition, although general proximal 
to distal trends are apparent for the member as a whole. 
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1.5km south-west of Agapi, along the Venetikos River 
























Sedimentary togs of the Itea Member, (A) 3.3 and 
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7.7.2 	Coarse-grained delta-front and delta-top facies associations 
7.7.2.1 	The Venetikos/ Potamia river section 
The base of the Tsotillion Formation occurs immediately west of the Grevena-Kalambaka road 
bridge (Figs. 7.6 and 7.7), where relatively resistant conglomerates around 200 m thick form 
a small gorge. The conglomerates comprise ophiolite and Cretaceous limestone (Fig. 7.2) 
and are clast-supported. They form beds up to 2.5 m thick, but most commonly form single 
horizons of imbricated clasts, indicating flow towards the west (Fig. 7.8; plate 7.3A). Most 
beds have sharp but planar bases and only one minor channel was observed. Sorting is 
good and clasts are well-rounded, with a sandstone matrix. In one bed, a whole pecten was 
observed (plate 7.3C). Between the conglomerate beds at the base of the section, 
homogenous sandstone units contain horizons rich in vegetation debris (Fig. 7.8). 
In the remainder of the section considered here (100 to 1900 m in Fig. 7.7), conglomerates 
more typically form a series of relatively massive 5-10 m units interbedded with 40-50 m 
sections of sandstone, siltstone and micro-conglomerate. These conglomeratic units have 
erosive bases, but there is no clear evidence in the lower part of the section as to whether 
they are broad channels or laterally extensive sheets of conglomerate. They are internally 
massive, poorly sorted with a coarse-grained sandstone matrix and have clasts commonly up 
to 20 cm , in diameter (although in one conglomerate a 2.5 rn sandstone clast was observed). 
Several conglomeratic units contains cross-beds up to 4 m thick at their base (e.g. Fig. 7.10; 
plate 7.313). Where exposure is good enough to examine strike-equivalent sections (Fig. 
7.10), it is clear that the conglomeratic beds must be broad channels, as suggested by 
Desprairies (1977). The exact width of the channels is unknown, but the fact that over twenty 
conglomeratic units over 5 m thick were encountered, yet only the end of one channel was 
observed (plate 7.3D), suggests that the channels may have been hundreds of metres wide. 
Beneath the base of the first conglomeratic bed, a slumped, consolidated unit of 
interbedded sandstone and conglomerate at least 3 m thick is truncated by the channel (Fig. 
7.9; plate 7.3E). The conglomerates all consist of ophiolite and Cretaceous limestone 
sourced from the eastern margin. 
In contrast with the Pentalofon Formation in this section, the finer-grained units between the 
conglomeratic channels are rich in an in situ shallow-marine fauna. Beneath the slump 
described above, at least 3 m of grey, massive, organic-rich siltstone contains small 
gastropods, bivalves, solitary corals, echinoid spines and benthic foraminifera (Fig. 7.9). A 
similar fauna was observed throughout much of the remaining sequence (Figs 7.10-7.12). 
However, beds of lignite are also interspersed between the fossil-rich layers and in several 
horizons rootlets were observed (Figs 7.9 and 7.10). Many of the siltstones are also rich in 
lignite fragments. Towards the top of the section, two in situ trees were observed (Figs. 7.11 
and 7.12; plate 7.5A), both of which grew in a silty substrate, but were engulfed by channel 
conglomerates. Transported logs up to 80 cm long were observed in conglomerates and 
sandstones both in this section and further to the north (e.g. 5 km north-west of Knidhi; Fig. 
2.4). 
	
7.7.2.2 	The Komplaritiko river section (Fig. 7.6) 
This section is several hundred metres thick and, in common with the Venetikos/ Potamia 
section, is interpreted to form the base of the Tsotillion Formation, although the contact here 
is not exposed. The base of the section is lithologically very similar to the bulk of the section 
described above. Interbedded siltstones and sandstones contain a shallow-marine 
molluscan fauna and are eroded by channelised conglomerates up to 5 m thick. Detrital 
lignite is common throughout many of the beds, and occasional rootlets and an in situ tree 
were observed (Fig. 7.13). Higher in the section, 2 km west of the Aliakmon river, 
conglomerate disappears from the sequence and the remainder of the section consists of 
fossiliferous siltstones and fine-grained sandstones containing local concentrations of 
reworked molluscs. 
7.7.2.3 	Interpretation of the lower Venetikos/ Potamia and 
Komplaritiko river sections 
The conglomerates at the base of the Tsotillion Formation in the Venetikos section are 
interpreted as having been deposited in a delta-front environment. The presence of 
vegetation debris and an unbroken in situ Pecten indicates a relatively shallow-marine 
environment and the imbrication and provenance of the clasts indicates a Pelagonian 
source. Given the dominance of conglomerate in the lower 200 m of the section, a fan delta 
interpretation is possible. However, this part of the succession appears to be intimately 
related to the overlying 1700 m, whose thickness and lithology suggest a deltaic 
environment. 
In the overlying section and along the Komplaritiko section, the interdigitation of siltstones 
and sandstones with a varied marine fauna and lignites/ rootlets/ in situ trees indicates 
fluctuation between marine and non-marine conditions. Broad channels transported coarse-
grained conglomerates and logs of Pelagonian zone origin into the basin. The interpreted 
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Figure 7.13 
Sedimentary log through the Itea Member, along the 	
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environment of deposition is therefore a delta-top ana the relative abundance of marine 
fossils suggests the succession represents a relatively distal setting. The rapid input of 
clastic detritus outpaced subsidence and south-westward delta progradation resulted in non-
marine conditions considerably nearer the basin centre than in sections further to the north, 
where sub-marine conditions were prevalent. The sediment input is interpreted as the result 
of tectonic uplift and rapid erosion of the Pelagonian zone. 
7.7.3 	Slumped delta-front facies associations 
7.7.3.1 	Facies description 
This fades association was observed in an isolated series of outcrops along the Grevena-
Knidhi road-section, west of the Krapa Hills (Fig. 7.14). Along an outcrop 250 m long, three 
or four consolidated slumped blocks up to 40 m thick and 100 m long occur. Each block is 
overlain by a local angular unconformity, and the whole succession is unconformably overlain 
by the Grevena Formation. The basal contacts of some blocks are well exposed and indicate 
the rotation of slumped blocks to dips of at least 600  (plate 7.4). In one locality, slumping has 
resulted in a vertically orientated column of conglomerate at least 1.5 m high, which cross- 
cuts further well-bedded conglomerate and sandstone (plate 7.513). Extensional faults cut 
the Tsotillion Formation but not the Grevena Formation. 
The majority of the sediments exposed in the succession are conglomerates and coarse-
grained sandstones. Many of these exhibit complex patterns of erosion and cross-bedding, 
as exposed in three dimensions in some outcrops. The conglomerates are all clast-
supported and typically moderately sorted. Some consist of numerous horizons one clast 
thick, similar to the base of the Venetikos section. The sandstones are quartzose and grains 
are often sub-angular. Sets of cross-beds within the conglomerates are up to 6 m thick and 
often occur as wedge-shaped bedforms. Shallow-marine molluscs are preserved in some 
sandstone beds, particularly in the Tsotillion Formation sediments overlying several of the 
slump blocks. Here, organic-rich leaf- and mollusc-bearing sandstones pass up into wave-
rippled, pink, well-sorted sandstones (plate 7.5C). 
7.7.3.2 	Facies interpretation 
The presence of marine molluscs and wave-ripples indicates deposition in a shallow-marine 
environment. However, abundant leaf debris and the pink colour of the upper sandstones 
suggests the relative proximity of land. The limited exposures does not allow lateral facies 
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correlation, but the occurrence of coarse-grained, distal delta-front and delta-top facies in an 
equivalent basinward position in the Itea Member to the south indicates a likely deltaic 
environment of deposition. However, the lithologies, sedimentary structures and slumps are 
also compatible with a fan delta interpretation. 
Although the slump blocks are internally consolidated, the vertical column of conglomerate 
described above cross-cuts bedding and is interpreted as the result of soft sediment 
deformation. It is interpreted as forming due to the slumping of one or more consolidated 
block onto unconsolidated conglomerates, resulting in the liquefaction and upwards 
movement of water and conglomerate. Similar structures have been described on a smaller - 
scale in a fan delta environment by Postma (1983), who interpreted them as the result of fluid 
escape structures resulting from rapid sediment accumulation. The cause of such major and 
multiple slumping is uncertain. It may be due to rapid sediment accumulation near the delta-
front which resulted in slumping due to instability. However, syn-sedimentary deformation is 
interpreted as having occurred near Taxiardis at this time (section 7.7.9.2) and similar 
deformation may have triggered the slumping. This is supported by the presence of 
extensional faults in the sequence which do not cross-cut the overlying Grevena Formation. 
7.7.4 	Proximal delta-top facies associations 
7.7.4.1 	Facies description 
The outcrops described here mainly occur along the Grevena-Kozani road, north of Taxiardis 
(Fig. 7.6). Further east, the road follows a wide valley in the Pelagonian zone interpreted as 
having been eroded in the Burdigalian (the Porta palaeo-valley; Faugeres, 1978). A 
particularly well-exposed 30 m section is exposed by fields immediately north of the road, 
west of the river-crossing. The section consists almost exclusively of conglomerate and 
coarse-grained sandstone. The conglomerate beds are up to 7 m thick and have erosive 
bases, but are laterally continuous, at least within the exposed section. Cross-bed sets 
indicate progradation towards the west or south-west and are up to 5 m thick. Clasts are 
moderately well-sorted, have a sandstone matrix and a maximum clast-size of 5 cm and 
comprise Triassic limestone and metamorphic/ igneous lithologies. The interbedded 
sandstones are coarse-grained, well-sorted, quartz- and mica-rich and contain abundant 
trough cross-bedding. Some beds contain siltstone rip-up clasts and others are rich in 
vegetation debris. This facies overlies the shelfal fades exposed above Taxiardis (Figs. 7.16 
and 7.17). Two conglomeratic units at the top of this section are massive and have eroded, 
cross-bedded bases, as observed above (plate 7.6). 
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Less well-exposed and probably younger sediments are exposed along the road east of 
Pontini (Fig. 7.6). This road is built along the line of an east-west trending palaeo-valley at 
least 5 km long and 300-400 m deep, which is infilled with Itea Member sediments (Faugeres, 
1978). These are ophiolitic lower in the sequence but consist of Triassic limestone at the 
highest preserved part of the valley. 
7.7.4.2 	Facies interpretation 
This facies is interpreted as being intimately related to the formation of the two palaeo-valleys 
that are preserved at the edge of the Pelagonian zone (Faugeres, 1978). The infill of the 
palaeo-valley along the Pontini road is probably younger in age (possibly linked to a rise in 
base-level), but poor exposure and a lack of palaeontological data preclude their detailed 
correlation. The conglomeratic units are similar to those described above, from the delta-top 
facies association in the Venetikos/ Potamia section, but in this facies the finer-grained units 
are thin, poorly-preserved coarse-grained sandstones. The conglomerates are interpreted 
as being deposited from high energy fluvial currents. The Pelagonian source is clear from the 
orientation of cross-bedding and clast provenance. The scale of the cross-beds and basal 
erosion indicates that deposition was in an extremely high energy environment, but it is not 
clear whether the conglomerate beds formed channels. This facies is interpreted as a more 
proximal delta-top facies than the delta-top facies described in section 7.7.2. 
7.7.5 	Non-marine facies association; description and interpretation 
This facies is encountered onlapping the Vourinos ophiolite west of Taxiardis, east of Pontini 
and in the second and third valleys south-east of Dafneron (Fig. 7.6). In the former section, 
the facies is represented wholly by red ophiolitic conglomerate in which clasts reach 50 cm in 
diameter (section 7.2.3.2). Near Pontini, the conglomerate consists of interbedded ophiolitic 
and limestone-rich conglomerate and is interbedded with several lateritic palaeosols (Figs. 
7.7 and 7.15). South-east of Datneron, the basal conglomerates are ophiolitic and overlain 
by conglomerate composed entirely of Triassic limestone. The above sections are 
dominated by coarse-grained red beds with the presence of palaeosols and a notable lack of 
fossils. They are therefore interpreted as being locally derived and of continental (probably 
fluvial) origin. At Dafneron, the limestone conglomerate is interpreted as having been 
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7.7.6 	Fan delta facies description and interpretation 
This facies is observed interdigitating with the Asproklissia Member, east of Sarakina, and 
east ofAsproklissia (Fig. 7.6; enclosure 1). The former section forms one of several units 
separated from one another by local unconformities (section 7.7.9.3) and the latter section 
overlies the Asproklissia siltstones with an angular unconformity. Both sections are formed 
wholly of conglomerate and are 80-140 m thick. They are characterised by well-rounded, 
moderately-sorted clasts of Pelagonian zone origin, containing low-angle cross-bed sets up 
to 20 m thick (plate 7.7). 
The sequences are interpreted as the result of deposition in a fan delta environment due to 
their wholly conglomeratic lithologies and their thick low-angle sets of cross-beds. Cross-
cutting relationships between different cross-bed sets is interpreted as the result of subtly 
different orientations of palaeocurrents across the unchannelised surface of the fan delta. 
The fan delta interpretation is consistent with their thicknesses, which discriminates them 
from many of the thicker deltaic sections described above. 
7.7.7 	Shelfal facies associations 
This facies association is so named because it is interpreted as representing stable, gently-
subsiding shallow-water, shelfal conditions. It contrasts with the coarser-grained facies 
associations described above. Outcrops of this facies occur west of Taxiardis, in the Itea area 
of the Potamia river-section and in the third valley south-east of Dafneron (Fig. 7.6). 
7.7.7.1 	Fades description 
In the Potamia river-section, the contact between this and the underlying deltaic facies is 
interpreted as occurring at 1900 m in Fig. 7.7. The base comprises 50 m of siltstones and 
fine-grained sandstone containing molluscan debris and benthic micro-fossils. North of Itea, 
a local unconformity is interpreted by Desprairies (1977) as forming the base of the Tsotillion 
Formation and is discussed in section 7.7.9.1. This passes up into several conglomeratic 
beds interbedded with beds of fossiliferous sandstones and siltstone. The rocks exposed 
occur on the eastern limb of an anticline, so are the lateral equivalent of those described 
above (Fig. 7.7) and overlie non-marine conglomerates east of Pontini. They consist of 
sandstones, siltstones and cross-bedded conglomerates containing an abundant fauna of 
marine molluscs and Diplocraterion burrows, with well-preserved spreiten (plates 7.5 D, E 
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and F). Some concentrated shelly horizons form thin beds of limestone. The conglomerate 
beds are up to 2 m thick and have planar, non-erosive bases. 
Similar rocks are exposed above a 10 m bed of limestone breccio-conglomerate west of 
Taxiardis (Figs. 7.16 and 7.17) where the lower part of the section comprises 250 m of 
fossiliferous sandstone and siltstone. The fauna includes a wide variety of bivalves, 
gastropods and coral. 
7.7.7.2 	Facies interpretation 
The abundance and variety of marine fossils as well as Diplocraterion indicates a fully marine 
shallow-water environment. In the Potamia section, a series of conglomeratic beds occur 
above the local unconformity and are interpreted as being linked in origin to the uplift that 
created the unconformity. Elsewhere, the conglomerates are interpreted as being reworked 
by current action to form the cross-bedding and are distinctively-thinner-bedded and non- 
erosive compared to the channels of the delta-top facies. However, the majority of the 
sequences are formed of relatively monotonous siltstones and sandstones, indicating 
deposition in a lower-energy environment; probably in the lower shoreface to offshore zone. 
7.7.8 	Summary and interpretation of the relationship between the 
different Itea Member fades 
Deposition at the base of the Tsotillion Formation is interpreted to have been predominantly 
deltaic, as reflected by the three most westerly sections of the [tea Member which represent 
a delta top/ delta-front facies association (Fig. 7.6). The Porta and Pontini palaeo-valleys 
sourced coarse-grained fluvial sediments of the proximal delta-top facies association, south-
west of which the slumped delta-front facies association developed. As depocentre 
migration continued towards the north-east, the first deposits to form on the Pelagonian 
zone were those of the non-marine fades association. These were overlain by the shelfal 
facies association, which is largely interpreted as being younger than the deltaic facies (Fig. 
7.7). However, it is also possible that the shelfal facies may have developed between delta 
lobes (particularly those observed in the Taxiardis section). Due to the lack of detailed 
stratigraphic data for this member, the poor exposure between sections and post-
depositional deformation, detailed palaeogeograpic reconstructions remain problematic. At 
the southern extent of the Itea Member, fan deltas were locally developed in response to 
local deformation and uplift. 
MW 
The Itea Member was derived from the rapid erosion of the Pelagonian zone during the 
middle to late Miocene. This is also reflected by the deposition of the Vlahava Member to the 
south and is interpreted as being the result of the tectonic uplift of this part of the Pelagonian 
zone possibly linked to the uplift of Olympos. The Pelagonian zone was progressively 
eroded during this time, as illustrated by the increase in the proportion of Pelagonian 
metamorphic rocks relative to that of the overlying ophiolite (Fig. 7.2). 
7.7.9 	Sedimentation and deformation in the Itea Member 
7.7.9.1 	The Rea unconformity (Potamia river-section); description and 
interpretation 
This unconformity is interpreted by Faugeres (1978) as forming the base of the Tsotillion 
Formation. It truncates the underlying siltstones and fine-grained sandstones (which contain 
benthic micro-fossils) by an angle of about 100  (plates 7.7 and 7.8A). The 1.5 m bed 
immediately above the unconformity consists of a conglomerate. Throughout much of the 
bed, conglomerate clasts are almost entirely encrusted with corals (plate 7.813 and 7.9A) and 
at the top of the bed, further corals up to 50 cm long were observed. The overlying 
sandstone bed contains numerous soft sedimentary slump folds whose fold vergence is 
predominantly towards the west. 
The unconformity is interpreted as forming due to local tectonics and was most probably 
associated with blind faulting within the basement., although there is no evidence as to the 
type of faulting. This deformation is interpreted as having resulted in the redeposition of 
conglomerates formerly deposited in a more proximal environment, where the encrustation 
of corals around the clasts occurred. The corals, which initially must all have lived at the 
sediment-water interface, were largely buried and only those at the top of the bed survived 
and are interpreted as having grown to encrust this surface. Further movement on the fault is 
interpreted as having produced the slump, which was also sourced from further east. In 
contrast with Faugeres (1978) who considered the unconformity to have formed in sub-aerial 
conditions, it is reinterpreted as having formed due to submarine erosion. 
7.7.9.2 	Sedimentation and tectonics south-west of Taxiardis 
Description: The ophiolite exposed south-west of Taxiardis is overlain by up to 130 m of 
coarse-grained ophiolitic conglomerate (Faugeres, 1978) of the non-marine facies 
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unconformity 	5 	 Figure 7.18 
containing sub-angular blocks up to 1.5 m in diameter is cut by a series of faults (Fig. 7.16 
and 7.18; plate 7.9C). At each end of the main outcrop of limestone b reccio-cong lome rate 
are small outcrops of limestone, which at the north-western end are exposed in 
unconformable contact with ophiolite. Up-section from the breccio-conglomerate is a thick 
sequence of fossiliferous sandstones and siltstones attributed to the shelfal facies 
association (Figs. 7.16 and 7.17). The whole of this sequence dips at 50-65 0 towards the 
north-east and is unconformably overlain by PIio-Pleistocene sediments of the Grevena 
Formation. 
In the valley in which the ophiolite is exposed, the basal contact of the Grevena Formation 
has considerable palaeotopography and appears to have infilled and onlapped a NE-SW 
trending channel, at the base of which large blocks of limestone occur (plate 7.8C). In most of 
this area, the Grevena Formation has a dip of <10 0 , but above an intra-Grevena Formation 
unconformity, a calcareous marker bed dips at 45 0 towards the east or south-east and is 
onlapped by the overlying beds (Fig 7.18; plate 7.913). The Grevena Formation is also cut by 
a normal fault in the more easterly stream-section. 
Interpretation: The limestone at each end of the breccio-conglomerate bed is interpreted 
as being in situ and as having both sourced and been onlapped by the breccio-
conglomerate. The local derivation of the limestone is supported by the size and angularity of 
the observed blocks. However, the basal ophiolitic breccio-conglomerate is also interpreted 
as being locally derived, yet consists wholly of ophiolite. It is therefore inferred that the 
limestone was not exposed during the deposition of the basal conglomerates and 
subsequently exhumed by faulting. However, the sense of the faults cutting the limestone 
breccio-conglomerate (which is assumed to be the same as those that exhumed the 
limestone) is obscured by the later folding. After the deposition of the fossiliferous unit, the 
tilting of the whole sequence is interpreted as the result of subsurface movement on the 
Taxiardis fault (enclosure 3) which is exposed to the north-west and trends exactly along the 
line of the ophiolite-conglomerate contact. 
During the deposition of the basal Grevena Formation, the limestone had been re-exposed 
and shed the blocks which line the base of the inferred channel. Subsequently, further local 
rotation of the area occurred about a sub-horizontal NW-SE trending axis and the lower 
Grevena Formation was unconformably overlain by the limestone marker horizon. Soon after 
the deposition of the marker limestone, the area rotated in the opposite sense (while the 
marker horizon (plate 7.913) was onlapped by the overlying beds) until the marker limestone 




cause of the multiple rotation of the Intra-Grevena Formation unconformity is unknown, but 
its close spatial association with the Taxiardis fault suggests that it may be the result of blind 
faulting at depth, although the sense of movement is again unknown. 
7.7.9.3 	Sedimentation and deformation east of Sarakina 
Description: Along the stream-section east of Sarakina , the Tsotillion Formation is divided 
into at least six units by intra-formational angular unconformities (Fig. 7.19). Units one to four 
are attributed to the Itea Member and units five and six are attributed to the Asproklissia 
Member. The oldest unit consists of calcareous fossil-rich sandstone and siltstone, within 
which a deformed bed containing numerous dish structures was observed. It is overlain 
above an angular unconformity (indicating 100  of rotation) by algal limestone at the base of 
unit 2. Both the preceding units are unconformably overlain by up to 150 m of conglomerate 
containing low-angle cross-beds and attributed to the fan delta facies association. The 
contact preserves a rotation of at least 10 0 and is marked by a channel with an erosive 
topography of 15 m (plate 7.1OB and C). However, no further channels were observed within 
the unit 4 conglomerates. Towards the top of the sequence, one further unconformity 
occurs within conglomerates and the final unconformity occurs between siltstone units five 
and six (plate 7.1 OA). 1 km south-west of Sarakina, a bed occurs within the siltstones of unit 6 
which does not appear to have been transported, but which contains 18 soft sediment folds 
that verge both towards the west and east (Fig. 7.19). 
Interpretation: The multiple rotations that resulted in the five observed unconformities are 
interpreted as due to movement on one or more blind basement faults. This hypothesis is 
supported by evidence from magnetic and gravimetric studies which indicate an important 
lineation along the course of the Sarakina stream, suggesting the presence of a fault in the 
underlying ophiolite (A. Rassios, pers. comm). Although not all the unconformities coincide 
with an important facies change, the contact at the base of unit three is clearly controlled by 
tectonics. Both the presence of a highly erosive channel along this contact and the change 
in lithology from siltstone/ fine-grained sandstone to conglomerate is interpreted as a 
response to a local change in base-level resulting from movement on the inferred blind fault 
as well as the possible uplift of part of the Pelagonian zone. Due to the variation in the 
orientation of the soft sediment folds, the deformed bed south-west of Sarakina is 
interpreted as the result of seismic shock, due also to local faulting. The same interpretation 
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7.7.9.4 	Sedimentation and deformation at the Asproklissia/ Itea 
Member contact, east of Asproklissia 
The base of conglomerates attributed above to the Itea Member fan delta facies association, 
east of Asproklissia (plate 7.7), is unconformable above siltstOnes of the Asproklissia 
Member. As in the example described from Sarakina, the deformation that resulted in the 
unconformity is also interpreted as having resulted in the change in lithology from siltstone to 
conglomerate. This also appears to have involved uplift of the Pelagonian zone, and may 
have formed at the same time as the channelised unconformity described above. 
7.8 	 The Viahava Member 
7.8.1 	Field relationships and sedimentary description 
The Vlahava Member was deposited above an angular unconformity in the southern MHT 
and overlies the Pentalofon, Heptahorion and Vassiliki Formations (Fig. 3.17; enclosure 3). 
At Meteora, the monasteries are built on the unconformity surface (IFP, 1962; plate 6.9C). It 
was deposited after initial (?Aquitanian) tilting of the Heptahorion and Pentalofon Formations 
eastward (interpreted as a phase of movement on the Rizoma/ Fliaka Kerassia anticline) but 
prior to final movement on the latter structure (late Miocene), which folded the Viahava 
Member. 
The Vlahava Member is best exposed along the road between Meteora and Vlahava (Fig. 
2.5). The basal conglomerates are highly chaotic, with clasts up to 80 cm in diameter 
composed predominantly of metamorphic lithologies in a sandstone matrix. Lenses of 
coarse-grained, red, cross-bedded sandstones are occasionally preserved in the 
conglomerate. Interbedded siltstones are either red or green in colour, often rich in clay and 
barren of trace- or body fossils. Similar red conglomerates were observed west of 
Asproklissia where clasts reached 60 cm in diameter and are sub-angular. Where they are 
exposed above the Vassiliki Formation, east of Rizorna (Fig. 3.17), the conglomerates are 
composed of clasts of schist in a clay-rich sandstone matrix, and have an average diameter of 
20 cm and a maximum diameter of 1.1 m. IFP (1962) reported that clasts within this member 
locally reach a volume of two cubic metres. 
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7.8.2 	Fades interpretation 
The colour and lack of fossils in this member suggests deposition in a continental 
environment and clast provenance indicates a relatively local Pelagonian source. The coarse 
clast-size of the conglomerates, their position above an angular unconformity and the 
interpreted continental environment in which the member was deposited reflects the 
deformation and uplift of the Pelagonian zone at this time. The base of the Vlahava Member 
is interpreted as correlating with the base of the ltea Member to the north, which is marked by 
the input of conglomerate in a shallow-marine environment. The transport of such large sub-
rounded blocks of schist requires extremely high energy. This may either have been in a 
fluvial or an alluvial fan setting. 
7.9 	 The Fanari Member 
7.9.1 	Field relationships and description 
This member has been described by IFP (1962) and was only briefly examined in this study 
as it crops out in isolation from the main body of the MHT (enclosure 3) and its facies 
relationships with the rest of the basin are unclear. In contrast with the Tsotillion Formation 
further north, it onlaps the Pindos zone directly and is overlain by modern sediments of the 
Thessalie flood-plain. Samples of benthic micro-fossils and calcareous nannoplankton 
(tables 2.3 and 2.4) re-date the member as being of Burdigalian-Serravallian age, compared 
to the L. Aquitanian-L. Burdigalian interpretation of IFP (1962). 
The base of the section consists of 10 m of algal limestone, exposed 1 km south-west of Ag. 
Akakios (Fig. 2.5) and passes up-section into interdigitating leaf-rich siltstones and algal 
limestone, rich in benthic micro-fossils including Eulepidina, Operculina, Amphystegina and 
Nephrolepidina. Correlative leaf-rich siltstones and sandstones onlap the Pindos zone 3 km 
south-west of Fanari and pass up into 460 m of orange, poorly cemented, cross-bedded 
conglomerates that are barren of fossils. Clasts within the conglomerate are dominated by 
metamorphic lithologies (Fig. 7.1). These are overlain by around 900 m of interbedded 
siltstones, sandstones and less common conglomerates, containing a fauna of planktonic 
micro-fossils but no macro-fossils. 
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7.9.2 	Interpretation 
The base of the section is interpreted as having been deposited in a shoreface to marginal 
marine environment. The overlying red conglomerates are interpreted as being fluvial (IFP, 
1962) and sourced predominantly from the Pelagonian zone. A lack of diagnostic 
sedimentary structures and microfossils in the topmost 900 m makes it difficult to interpret, 
but the fauna indicates that further marine transgression occurred. It was most probably 
deposited in an offshore setting, with sediment still primarily sourced from the Pelagonian 
zone. 
IFP (1962) correlated the fluviatile conglomerates with the Vlahava Member described 
above, implying that the lower limestone/ siltstone unit correlates with the Meteora Member 
of the Pentalofon Formation and the upper sandstones and conglomerates with the top of 
the top of the Tsotillion Formation (Asproklissia! Itea Member). Further palaeontological work 
needs to be carried out both here and in the Asproklissia Member to confirm this. The fact 
that the Tsotillion Formation onlaps the Pindos zone in this part of the basin suggests that 
the degree of north-eastward depocentre migration linked to basin rotation was less than that 
experienced further north. It is also possible that prior to U. Miocene reactivation of the 
western margin of the MHT, west of Kalambaka, the Tsotillion Formation covered the whole 
of the width of the basin and directly onlapped the Pindos zone. 
7.10 	The Nestorion and Damaskinea Formations 
7.10.1 	Introduction and field relationships 
These formations represent the final marine infill of the Meso-Hellenic Group (although they 
may correlate with the top of the Tsotillion Formation, as discussed in section 2.4.2.4). They 
both crop out along Morave, in the core of the Damaskinea syncline (enclosure 2) and the 
Nestorion Formation is also exposed south-east of Morave (enclosure 3). In northern Greece 
and southern Albania, they overlie the Tsotillion Formation, whereas in southern Greece, the 
Nestorion Formation either overlies the Tsotillion Formation or transgressively overlies the 
Pelagonian zone (Fig. 3.17). The Sinice Member (which represents the Tsotillion and 
Nestorion Formation in Albania; enclosure 1) has been described above (section 7.3) and 
the Damaskinea Formation in Albania was only briefly examined. In Greece, the formations 
have been mapped and described by IFP (1962) and published by Savoyat and Lalechos 
(1969), Savoyat, Verdier and Monopolis (1971) and Savoyat and Monopolis (1971). Their 
division into constituent members is followed in this thesis and not discussed in detail (see 
appendix 1 for further information). The lithologies of the different members are briefly 
discussed, but the bulk of the work on these formations concentrated on the relationship 
between sedimentation and tectonics in a few key areas. 
	
7.10.2 	The Ondria Member 
Description: The Ondria Member consists of algal limestone up to 20 m thick. Its 
holostratotype is Mt. Ondria (Fig. 7.23), where the limestone forms the plateau top, dipping 
at around 80 towards the north-east (Brunn, 1956). The limestone varies in facies from more 
homogenous beds of Lithothamnium, in which the algae form a semi-continuous, reef-
building network within each bed, to a less common facies comprising individual rhodoliths 
up to 9 cm in diameter, similar to those described by Orzag-Sperber et al. (1977). In both 
cases, the gaps between the strands of algae are typically infilled with micrite as well as 
benthic micro-fossils, including Amphystegina sp., Operculina sp., Miogypsina sp., 
Nephro!epidina sp. and Miolepidocyclina sp. The limestone also contains a shallow-water 
fauna including Pecten sp. and Clypeaster sp. In some localities, in situ limestone contains a 
varied amount of clastic detritus, and in others the algal limestone is redeposited in a siltstone 
matrix. On a local scale (100-1000 m), the member passes laterally into the calcareous 
sandstones of the Petropoulakion Member. In northern Greece, it only crops out on the 
western , edge of the Damaskinea syncline (IFP, 1962), passing eastwards into the 
Petropoulakion and Lagkadia Members. 
Interpretation: The limestone is interpreted as a shallow-water, shoreface deposit. Algal 
rhodoliths currently fom at water depths of 3-5 m in Bermuda (Orzag-Sperber etal., 1977) 
and such an environment is consistent with the other fauna observed. The disappearance of 
the limestone eastwards is interpreted as due to increased subsidence in this direction (IFP, 
1962) and greater water-depths. This means that during the deposition of the Nestorion 
Formation, the Ondria Member may have marked the approximate position of the western 
extent of marine deposition. 
7.10.3 	The Petropoulakion Member; description and interpretation 
The Petropoulakion Member predominantly consists of a coarse-grained, well-sorted 
calcareous sandstone containing a fauna very similar to the Ondria Member. It typically forms 
relatively massive beds at least 1 m thick and is lithologically similar to the top of the Neapolis 
Member at Nestorion (Fig. 7.21). However, along the eastern margin of the Damaskinea 
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syncline, it coarsens to form a micro-conglomerate comprising clasts of Pelagonian origin. Its 
fauna and association with the Ondria Member indicate that it is also a shallow-marine deposit, 
interpreted to have been sorted and reworked by wave and current action in a shoreface 
environment. It often occurs banked up against (and onlapping) the Ondria limestone, 
possibly due to storm action. 
7.10.4 	The Lagkadia Member; description and interpretation 
The Lagkadia Member occurs along the centre and eastern edge of the Damaskinea syncline 
as well as north of Trikala. it is interpreted as the lateral and sedimentological equivalent of the 
upper Sinice Member along Morave. In the Damaskinea Formation. it is generally poorly 
exposed, and although it was locally deposited above the Ondria! Petropoulakion Members 
it is largely their lateral facies equivalent to the east (IFP, 1962). North of Trikala, it overlies the 
Ondria Member, forming a sequence 540 m thick (IFP, 1962) predominantly comprising 
siltstones with a fauna of benthic and planktonic micro-fossils and fish. It is interpreted as 
having been deposited in an offshore environment, as interpreted for the Sinice member. 
The variation in the thickness of the Nestorion Formation between several hundred metres in 
areas of maximum subsidence to less that 100 m in marginal areas appears to indicate 
significant variation in the amount of subsidence in different areas. However, until the 
palaeontology of this part of the basin has been re-examined and the separate outcrops of 
the upper Tsotillion, Nestorion and Damaskinea Formations can be better correlated, this 
cannot be accurately assessed. 
7.10.5 	The Damaskinea Formation 
7.10.5.1 	The basal contact of the Damaskinea Formation 
The basal contact of the Ormofoklissia Member (Damaskinea Formation) is well exposed in 
several localities along road- and river-sections between Argos Orestikon and 
Petropoulakion, where it overlies the Lagkadia Member (Savoyat and Monopolis, 1971; Fig. 
2.3). Along this strike-section, the basal contact is often exposed as a highly erosive contact 
with a topography of 10-15 m that is onlapped by the succeeding beds of the Ormofoklissia 
Member. 20-40 m channels are in places well defined, but 500 m east of the Zevgostation 
road turning (Fig. 2.3) the basal contact is highly irregular, with an undulose topography of at 
least 10 m over the 130 m along which it is exposed. It erodes well-bedded siitstone and 
consists of a coarse-grained, quartz grit with sub-angular grains. A similar erosive contact of 
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sandstone on siltstone is interpreted as forming the base of the Ormofoklissia Member along 
the road-section west of Olvon (Fig. 3.19). 
	
7.10.5.2 	Description of the Damaskinea Formation 
Within the Dan-iaskinea syncline, IFP (1962) divided the Damaskinea Formation into the 
Ormofoklissia, Zevgostation and Orlias Members. However, this division cannot be made 
nearer the Albanian border and along Morave (Fig. 3.19). As described above, the 
Ormofoklissia Member predominantly consists of coarse-grained quartzose sandstone and 
its basal contact is highly erosive. This lithology dominates most of the Damaskinea 
Formation north of the Damaskinea syncline, but it is not known how the different sections 
correlate due to the lack of palaeontological data. On the basis of lithology alone, IFP (1962) 
interpreted the Ormofoklissia Member as thickening from 130 m in the Damaskinea syncline 
to 750 m near the Albanian border and 750 m of the Damaskinea Formation is preserved 
along the Bradvice section of Morave. However, it seems unlikely that all 750 m of the latter 
sections thin to correlate with the Ormofoklissia Member type section over only 10 km as no 
syn-sedimentary fault is recognised between them. The Zevgostation Member (180 m; 
Savoyat and Monopolis, 1971) consists of interbedded grey micaceous siltstone containing - 
a fauna of small gastropods and cross-bedded quartz sandstone (Fig. 7.20). At the top of the 
sequence, the Orlias Member comprises a poorly cemented fossiliferous limestone rich in 
bivalves including Veneracea callista and Ostrea crassissima (which is up to 10 cm long; 
Brunn, 1956) and in a sandier section contains bi-directional cross-bedding. 
7.10.5.3 	Interpretation of the Damaskinea Formation 
The Ormofoklissia Member is interpreted as either a shoreface or fluvial sandstone and its 
high quartz content suggests that it is derived from the Pelagonian zone. As it overlies 
offshore siltstones of the Lagkadia Member, the basal contact represents a basinwards shift 
in facies and due to its erosion is interpreted as a sequence boundary due to a relative 
lowering in sea-level (Van Wagoner et al., 1990). The overlying siltstones of the 
Zevgostation Member are interpreted as representing further transgression (following IFP, 
1962) and probably formed in an outer shoreface environment. Finally, the fauna and 
presence of bi-directional cross-bedding suggests that the Orlias Member was deposited on 
the upper shoreface. This represents the final preserved infilling of the MHT, due to the 
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7.10.6 	Sedimentation and deformation during the deposition of the 
Nestorion Formation at Nestorion 
Field relationships: Brunn (1956) described an unconformity at the base of the 
Nestorion Formation at Nestorion, which was mapped in more detail by Savoyat and 
Monopolis (1971). This area has been remapped and the unconformity reinterpreted as a 
multiple unconformity (Figs. 7.21 and 7.22). These are best exposed along the promontory 
1 km north-east of Nestorion (Section AB, Fig. 7.22; plates 7.11 and 7.14A). In this section, 
unconformity 2 can be traced along the whole length of the outcrop, overlying the tilted 
Tsotillion Formation at its north-western end and the Ondrial Petropoulakion Members at its 
south-eastern end. The unconformity is overlain by relatively flaggy, well-bedded 
sandstones and siltstones. Unconformity 1 is only exposed at the south-eastern end of the 
promontory and consists of a highly erosive contact at the base of the Petropoulakion and 
Ondria Members. It is probably truncated by unconformity 2. Unconformity 1 is also exposed 
at the foot of a knoll to the west (Fig. 7.21), and exhibits the same erosive contact (plate 
7.13C). 
The unconformities are intimately related both to syn-sedimentary normal faults and 
sedimentary dykes. In the stream valley south-west of Agia Anna (Fig. 7.21) the 
Petropoulakion Member sandstones are separated from the Tsotillion Formation siltstones 
by a steep extensional fault, along which algal limestone has been injected as a sedimentary 
dyke (plate 7.12C-E). Laterally, the fault cannot be traced and the contact between the two 
sedimentary units becomes an erosive unconformity (interpreted as unconformity 1). 
Similarly, 500 m north of northern Nestorion, a syn-sedimentary normal fault (plate 7.1313) 
passes laterally into a stratigraphic contact. Isolated sedimentary dykes were also observed 
within Tsotillion Formation sediments immediately beneath unconformities, and constitute 
redeposited algal limestone from the overlying Nestorion Formation (plate 7.12 B). To the 
west of the promontory and knoll, the unconformity becomes increasingly hard to detect and 
in outcrops 4-5 km away the contact is conformable. 
Sedimentology: In most of the Ondria Member outcrops, the limestone is formed of a 
semi-continuous network of branching Lithothamnium, but the limestone cropping out along 
the promontory between unconformity 1 and 2 (section AB; Fig. 7.21-7.22) consists of algal 
rhodoliths (plate 7.13A). Its basal contact is exposed above calcareous sandstones 
containing in situ Clypeastersp. and is convex upward in profile. The limestone dips south-
eastward and its upper contact is onlapped by calcareous sandstone which laterally overlies 
unconformity 1 (plate 7.14A). Along the south-eastern margin of the knoll to the west, the 
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calcareous sandstone also onlaps algal limestone, but in this case the contact is sub-vertical 
(section CD, Fig. 7.22; plate 7.13C). North of the promontory, algal rhodoliths occur 
reworked in a muddy matrix. At the base of the reworked algal limestone above unconformity 
1 to the west of the stereogram in Fig. 7.21, sole-marks were observed. Several beds along 
the promontory are deformed by soft sediment folding. 
Interpretation: During the deposition of the Nestorion formation in this area, active 
extension resulted in syn-sedimentary normal faulting. The sedimentary dykes observed 
both along the fault and in isolation are interpreted as due to the opening of tensional 
fissures and the resultant collapse of fluidised algal material downwards to fill them. Brunn 
(1956) interpreted this unconformity as due to the reactivation of the south-western border 
of the basin. However, due to the intimate association of the unconformities, syn-
sedimentary normal faults and sedimentary dykes, the unconformities are reinterpreted as 
the result of local extensional tectonics. The local rotations may be linked to motion on the 
Aliakmon fault (which was demonstrably active during the deposition of the Tsotillion 
Formation; section 7.4.2.1) or may be due to folding related to extensional faulting at depth. 
The rhodolithic algal limestone is interpreted as overlying a shoreface sand-bar. Its onlap by 
further calcareous sandstone may reflect the gradual tilting of this area towards the south-
east at this time. The sandstone is interpreted as a current reworked shoreface sandstone 
that was washed over the limestone during rotation and subsidence by wave and storm 
action. Similarly, the onlap of the limestone at the foot of the knoll is interpreted as the result 
of storm action and the sub-vertical contact may be a palaeo-cliff also generated by normal 
faulting. The reefal limestone must have formed some palaeo-topography that has since 
been obscured by the folding and unconformities, as the presence of redeposited 
rhodoliths in deeper-water siltstones suggests redeposition down the reef-front. This is 
supported by the presence of sole-marks on the base of some beds of redeposited algal 
limestone. Soft sedimentary deformation in several horizons above the unconformities are 
consistent with seismic shocks in this area, linked to the deformation described. 
7.10.7 	Sedimentation and deformation during the deposition of the 
Nestorion and Damaskinea Formations in the Petropoulakion 
area; the Petropoulakion/ Dragasia unconformities 
Field relationships: The Petropoulakion and Dragasia unconformities crop out on either 
side of Mt. Ondria (Figs. 7.23-7.25). The Dragasia unconformity (south-east of Mt. Ondria; 
Brunn, 1956; Savoyat and Monopolis, 1971) is exposed at the base of the gently dipping 
Ondria limestone and above the Tsotillion Formation siltstones and sandstones which dip at 
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180 towards the north-east (section CD, Fig. 7.24; plate 7.16A). The unconformity clearly 
formed prior to the deposition of the Ondria limestone, at a time similar to the formation of the 
first unconformity at Nestorion. East of Dragasia, a low-angle normal fault cuts the Ondria 
limestone but does not appear to cut the overlying Zevgostation or Orlias Members (Figs. 
7.23 and 7.24; plate 7.16B). 
The Petropoulakion unconformity (or Petropoulakion flexure of IFP, 1962) occurs north of 
Mt. Ondria, at the base of algae-rich calcareous sandstones. Both the unconformity and 
sandstones dip at 240 towards the north-east and overlie sub-horizontal Tsotillion Formation 
sediments, south of Petropoulakion (Figs. 7.24 and 7.25; plates 7.14B and 7.15). The dip of 
the unconformity is sufficient to pass over the Ondria limestone, although any such contact 
has been eroded. Detailed mapping of the units overlying the unconformity indicate that 
they onlap it at successively lower angles relative to the unconformity (Fig. 7.25; plate 7.15). 
Furthermore, whereas the Ormofoklissia Member typically occurs at the base of the 
Damaskinea Formation, on top of Ondria Mountain it is absent (Savoyat and Monopolis, 
1971; section CD, Figs. 7.20 and 7.25). The Petropoulakion unconformity can be mapped 
as far as the stream-valley north-west of Petropoulakion, where the contact is conformable. 
The above description and Figs. 7.24 and 7.25 contrast with the interpretation of Savoyat 
and Monopolis (1971) which involves several cross-cutting faults in the area of the 
unconformity, south of Petropoulakion (Fig. 7.23). In summary, field relationships indicate 
that the two unconformities formed at separate times and multiple rotations occurred within 
this relatively small area (Fig. 7.26). 
Interpretation: The Dragasia unconformity formed at the base of the Ondria limestone. 
However, field relationships suggest that the Ondria limestone is beneath the 
Petropoulakion unconformity (section XY, Fig. 7.24). Once the south-westward tilting and 
erosion of the Tsotillion Formation and Ondria limestone had occurred, the Petropoulakion 
unconformity is interpreted as having slowly been rotated south-eastward into its present 
position, during the deposition of the Lagkadia and Ormofoklissia Members (Fig. 7.26). This 
resulted in the observed decrease in the angle of onlap onto the unconformity and the non-
deposition of the Ormofoklissia Member on the summit of Ondria Mountain. By the time of 
deposition of the Zevgostation Member, the unconformity had been rotated into its present 
position and the Zevgostation Member covered the whole system (section XY, Fig. 7.24; Fig. 
7.26). This implies that the algal limestone exposed 1 km south-west of Petropoulakion is 
above the Petropoulakion unconformity and cannot be correlated with the Ondria limestone 










Cross-sections through the Petropoulakion 
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Schematic 2-D models to illustrate the local rotations interpreted to have occured 
during the generation of the Dragasia and Petropoulakion unconformjtjes 




Deposition of the Tsotillion Formation 
1.1 
Generation of the Dragasia unconformity 





Onlap of the Lagkadia Member onto the 
Petropoulakion unconformity during 
clockwise rotation 
5 
Onlap of the Ormofoklissia and Zevgostation 
Members onto the Petropoulakion unconformity 
during continued rotation. Rotation ceases 
during the deposition of the Zevgostation 
Member, which seals the whole system 
Present-day situation, following erosion 
Eu Ondria Ormofoiclissia Zevgoslatjon Member Member Member 
Tsolillion Fm. P E Member Lagkadia - Pelropoulakjon unconformity Onlap 
Rotation (anti-clockwise! clockwise) 	
Figure 7.26  
As with the Nestorion unconformities, the Damaskinea and Petropoulakion unconformities 
are interpreted as the result of local extensional tectonics. This is supported by the presence 
of a syn-sedimentary normal fault within the Lagkadia Member siltstones, 1 km NNW of 
Petropoulakion (section 3.4.3.1) and a series of other normal faults measured in this area 
(Fig. 3.23). The rotations which resulted in the Dragasia unconformity may be interpreted as 
the result of north-eastward block rotation linked to motion on the normal fault north-east of 
Dragasia (section CD, Fig. 7.24; Fig. 7.1613). Subsequent to the formation of the 
Petropoulakion unconformity, further movement on the fault may have resulted in block 
rotation during which time the Lagkadia and Ormofoklissia Members onlapped the 
Petropoulakion unconformity with a progressively smaller dip. This block rotation may explain 
the relatively low-angle at which the fault currently occurs (plate 7.16B) and the timing of the 
second phase of movement is consistent with the deformation of the Ondria limestone but 
not the Zevgostation Member. However, the precise cause of the south-westwards rotation 
of the Tsotillion Formation and Ondria Member to generate the Petropoulakion unconformity 
is unknown. The occurrence of the unconformities also coincides with the considerable 
thinning of the algal limestone forming Mt. Ondria towards the north-east, and a facies 
change from algal limestone to algae-rich calcareous sandstone. It is therefore possible that 
the extent of the limestone reef in this area, and the position of the reef edge were also 
dictated by the position of a blind structure in the Petropoulakion area. 
7.10.8 	Sedimentation and deformation during the deposition of the 
Nestorion Formation near Mt. Alevitsa 
Field relationships: Mt Alevitsa is over 1500 m high, occurs 1.5 km south-east of the 
Albanian border in northern Greece (Fig. 3.19) and was the site of an important battle in the 
Greek civil war. The lower slopes of the mountain are covered in forest and the only exposure 
occurs near the summit, where several small outliers of Ondria Member limestone occur. 
Their basal contact is a clear unconformity, which IFP (1962) interpreted as overlying the 
Pentalofon Formation. The underlying sediments have a regional dip of around 20 0 towards 
the north-east (Fig. 3.19; section EF, Fig. 3.20) and the eastern slope of Mt. Alevitsa forms a 
dip slope as far as the stream immediately beneath the village of Mesovraki. Here the 
sediments are better exposed and interpreted as part of the Tsotillion Formation. However, 
on the summit of Mt Alevitsa, the rocks immediately beneath the unconformity consist of 
pecten-bearing calcareous sandstones dipping towards the WSW, in the opposite direction 
to the regional dip. The unconformity itself has an important palaeotopography (plate 7.16C 
and D). It slopes along two planes which dip away from one another and meet to form an 
II. 
angular crest to the sandstones (plate 7.16C). The overlying algal limestone onlaps these 
surfaces towards the crest, but does not cover the crest itself. 
Interpretation: Given the anomalous dip of the calcareous sandstones and their similarity 
to the Petropoulakion Member, it is probable that a second (unexposed) unconformity 
occurs lower in the sequence, separating the north-east dipping siltstones of the Tsotillion 
Formation from the calcareous sandstones. The exposed unconformity can therefore be 
interpreted as an intra-Nestorion Formation unconformity, similar to unconformity 2 at 
Nestorion. The shape of the unconformity and dip of the calcareous sandstones may be the 
result of extensional fault-block rotation, but this cannot be proved due to the poor exposure 
of the surrounding area. The overlying algal limestone is interpreted as having been 
deposited prior to extensive erosion of the fault-block, hence the preservation of the 
palaeotopography on the calcareous sandstone (plate 7.16C) 
7.10.9 	Summary of sedimentation and deformation during the 
deposition of the Nestorion and Damaskinea Formations 
The three localities described above all exhibit multiple unconformities. Two of these occur in 
an area in which either meso-scale syn-sedimentary normal faults or sedimentary dykes are 
also observed. The observed angular unconformities are only observed locally and pass 
laterally into conformable contacts within 1-5 km. They are therefore interpreted as the result 
of local, extensional, syn-sedimentary deformation. 
7.11 	 Librazhd Formation 
Field relationships and sedimentary description: The Librazhd Formation crops 
out in the northern segment of the MHT in Albania. It unconformably overlies the 
Heptahorion and Pentalofon Formations (enclosure 3) and is interpreted by Pashko (1975a) 
as being Tortonian in age. The sequence exposed in the Librazhd area correlates with the 
lower part of the Tortonian sequence in the Tirana Trough, which conformably overlies a L. 
Miocene marine sequence (Fig. 7.27). Tagari et al. (1991) consider that the subsidence 
which led to the deposition of the Librazhd Formation in this area was in part due to 
development of a half-graben, with normal faulting along the western margin of the basin. 
The fault was then subsequently reactivated as a reverse fault overturning the Librazhd 
Formation sediments along this basin margin. 
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Schematic summary of the relationship between the 
Librazhd Formation and the Tortonian of the Tirana Trough 
Figure 7.27 
































The sequence was briefly examined along the road between Tirana and Pogradec. It largely 
consists of 700 m of coarse-grained sandstone and conglomerate, comprising clasts of 
ophiolite, limestone and metamorphic lithologies in a red, micaceous sandstone matrix (Fig. 
7.28). All conglomerates are clast-supported wih poor clast orientation and clasts reach a 
maximum diameter of 30 cm. The sandstone units are laterally discontinuous and sometimes 
cross-bedded. In the majority of the section, both conglomerate and sandstone beds have 
undulose, erosive beds (plate 7.17D), but do not form clear channels. Finer-grained 
sandstones and siltstones are very rare in the sequence. In contrast, one section exposed a 
conglomeratic channel at least 20 m deep overlying red siltstones (plate 7.17C). Towards the 
top of the section, the red colour disappears and a lignite bed is interbedded with grey 
siltstones and sandstones containing a restricted salinity fauna. The change in lithology is 
gradual with red conglomerates interbedded with an increasingly greater proportion of grey 
sandstones and siltstones. At the top of the section, above a further conglomerate bed, algal 
limestone is developed. 
Interpretation: The colour and lack of faunain the basal 700 m of the formation suggests 
deposition in a terrestrial environment (Pashko, 1975a). In the bulk of the section, the lack of 
finer-grained material which might have suggested deposition in a fluvial overbank 
environment and the scarcity of channels, points to deposition by at least one large, high 
energy braided river. Laterally discontinuous cross-bedded sandstone units are interpreted 
as sand bars. However, the presence of at least one large channel eroding siltstones 
suggests that during some periods, the river system was constrained to form channels with 
finer-grained siltstones deposited in an overbank environment. The disappearance of the 
red colour and the appearance of a restricted salinity fauna marks the gradual incursion of 
marginal marine conditions and the lignite is interpreted as having been deposited in a 
lagoonal setting. Finally, marine transgression (probably from the main Tirana basin to the 
west) led to the deposition of algal limestone is shallow water. This formation is interpreted as 
a branch of the Tirana Trough and is not considered part of the MHT (sensu stricto). Its 
preservation at the northern end of the MHT is interpreted as being largely the result of the 
synclinal fold that developed in the late Miocene in this part of the basin. 
7.12 	The Grevena Formation 
The Grevena Formation has been described and interpreted in detail by Faugeres (1978) 
and was not examined in this study. It formed during the Pliocene along the north-eastern 
margin of the MHT and was largely deposited in lakes, which were connected during their 
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early development with lakes on the Pelagonian zone to the north-east. The importance of 
the Grevena Formation to this study is that it is largely sub-horizontal and undeformed, 
thereby constraining the bulk of the observed deformation as being Miocene in age. 
7.13 	 Conclusions 
The type-section for the Tsotillion Formation was originally defined in the central MHT by 
Brunn (1956). In this part of the basin, the formation is represented by the offshore siltstone-
dominated Sinice and Neapolis Members, which are generally finer-grained than the 
underlying Pentalofon Formation. In contrast, the base of the Tsotillion Formation in the 
southern MHT is interpreted as being marked by the input of conglomerate at the base of the 
ltea and Vlahava Members. An unconformity at the base of the Viahava Member grades 
north-westward into a conformity at the base of the Itea Member and is associated with a 
north-westward decrease in the grain-size of the conglomerates, which are derived from the 
Pelagonian zone. The difference in the nature of sedimentation at the base of the Tsotillion 
Formation along the length of the basin is therefore interpreted as the result of the rapid 
uplift and deformation of the Pelagonian zone in the southern MHT, whereas further north 
sedimentation was unaffected by regional basin-margin deformation. 
The Tsotillion Formation is exposed onlapping the Pelagonian zone along much of the 
north-eastern margin of the basin in the central MHT. A number of small outcrops of the 
Tsotillion Formation onlapping the Pelagonian zone are also exposed in a more basinward 
position (due to uplift related to U. Miocene inversion structures) and the Neapolis boreholes 
(IFP, 1962) encountered 1030 m of the Tsotillion Formation directly overlying basement. 
Onlap of the Pelagonian zone is also clear from seismic sections and indicates an important 
north-eastward depocentre migration, which followed the rotation of the Heptahorion and 
Pentalofon Formation units in the (?)Aquitanian. 
The geometry of the Neapolis Member in transverse section is constrained by the known 
position of its base, both above the Pentalofon Formation in the south-west and above the 
Pelagonian zone in the north-east. Thickness variations across this section indicate that it 
approximated a wedge, tapering gradually towards the south-west and more rapidly to the 
north-east. These thickness variations are reflected in facies changes from offshore to 
shoreface facies along the south-western and north-eastern facies-belts respectively, to a 
deeper-water facies rich in pelagic foraminifera in the central facies-belt. Along the north-
eastern margin, coarse-grained clastic detritus of the Neapolis and fault-bounded Koromilea 
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Member, was derived from the Pelagonian zone. Along Morave, the Sinice Member 
predominantly consists of offshore siltstones which are interbedded with several more 
catastrophic units comprising highly erosive channels (one of which is associated with minor 
syn-sedimentary normal faulting) and slumps. 
In the southern MHT, the ltea Member largely represents deposition in a deltaic environment. 
Palaeo-valleys eroded into the Pelagonian zone fed fluvial sediments into the basin and 
delta-top and delta-front fades occur nearer the basin centre. The large input of sediment 
into this area resulted in a particularly thick Tsotillion Formation section, and the development 
of non-marine conditions in a far more basinward setting than in the Neapolis Member to the 
north-west. Two fan deltas developed above offshore siltstones due to local deformation 
and erosion and at Taxiardis, a complex series of tectonic episodes occurred. To the south-
east, coarse alluvial-fan/ fluvial sediments of the Viahava Member (including individual clasts 
more than 1 m in diameter) were separated from the Meteora conglomerates of the 
Pentalofon Formation by an angular unconformity. 
At several localities within the Nestorion and Damaskinea Formations, meso-scale syn- 
sedimentary normal faults and sedimentary dykes were observed in close proximity to 
multiple intra-formational unconformities which become conformable within as little as one 
kilometre. Hence, the unconformitjes are interpreted as the result of local extensional 
tectonics. The Ondria Member algal limestone (exposed in the centre of the basin in 
northern Greece) passes north-eastwards into deeper-water offshore siltstones of the 
Lagkadia Member and the former are interpreted as having been deposited near the (then) 
western margin of the basin. The base of the overlying Damaskinea Formation is highly 
erosive, represents a basinward shift in facies and is interpreted as a sequence boundary 
caused by a relative fall in sea-level. 
The Librazhd Formation is separated from the Meso-Hellenic Group by a regional angular 
unconformity and is predominantly fluviatile in origin. The subsidence that resulted in its 
deposition and preservation in the Tortonian is associated with the formation of the Tirana 
Trough to the west, where a thicker correlative sequence is preserved. Most recently, the 
Pliocene lacustrine sediments of the Grevena Formation were deposited along the north- 
eastern margin of the basin and are largely undeformed by the majority of deformation 
affecting the Meso-Hellenic Group. 
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Chapter 8: Summary of basin evolution 
8.1 	 Introduction 
The results detailed in previous chapters have given a new stratigraphy for the Meso-Hellenic 
Trough (MHT) as well as a wide variety of structural, sedimentological and palaeogeographic 
data collected within the basin. The aim of this chapter is to integrate and emphasise key 
aspects of the data from the basin, as well as data from the region as a whole, in order to 
discuss the evolution and possible origins of the MHT. As a consequence, models for the 
MHT that have already been proposed (Fig. 1.8) can be critically assessed in the light of the 
new data and suggestions are made as to further research that could usefully be carried out 
in the basin. 
8.2 	 The sedimentary and palaeogeographic evolution of the Meso- 
Hellenic Trough 
8.2.1 	The sedimentary and palaeogeographic evolution of the 
Basin-margin Group 
Outcrops of the Basin-margin Group are well spaced along the margins of the MHT. Its 
constituent lithologies are varied, ranging from thick siltstone and sandstone-dominated 
clastic successions along the western margin of the basin (the Krania and Stravaj Formations) 
to thinner sequences of limestone (the Cervenake Formation), conglomerate (the Bitincke 
Formation) and combinations of all three (the Vassiliki Formation) along the eastern margin of 
the basin. The amount of Basin-Margin Group preserved at depth beneath the Meso-
Hellenic Group is poorly constrained due to a scarcity of boreholes in the basin. Slightly 
undulose reflectors observed at the base of the more northerly seismic section, beneath the 
strong (?intra-Heptahorion/ basal Pentalofon) reflector may indicate the presence of 
deformed Basin-margin Group sediments beneath the Heptahorion Formation (Fig. 3.16). 
However, this is far from certain. As a result of the isolation of the different outcrops, the U. 
Eocene palaeogeography of the MHT is difficult to reconstruct. 
The largest and best-exposed area of the Basin-margin Group is the Krania Formation, which 
Js preserved in part of the Gulf of Krania (Brunn, 1956). As there is some evidence that the 
present shape of the embayment may approximate the morphology of of the area during 
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some of the U. Eocene, the area is termed the Krania sub-basin. However, there is no 
constraint on the position of the eastern margin of the sub-basin (as it is unconformably 
overlain by the Meso-Hellenic Group) and it is likely that the Krania Formation was at least 
partially continuous with other U. Eocene depocentres, such as the current outcrops of the 
Vassiliki Formation. No syn-sedimentary structures or controls on deposition are associated 
with the other formations of the Basin-Margin Group. 
The base of the Krania Formation is marked by ophiolitic breccias, which form the lower half of 
the Petra-Tripimeni Member (Fig. 8.4). These are typically extremely coarse, with blocks 
often >1 m in diameter, and are interpreted as having been deposited at the foot of an active 
fault-scarp. The change in lithology to the overlying siltstones of the Petra-Tripimeni and 
Mikrolivado Members appears to reflect both a cessation in faulting and an increase in 
palaeobathymetry, with subsidence outpacing sediment supply. In the northern half of the 
basin, olistostromes contain blocks up to 15 m in diameter and the thickness of the 
sequence increases towards the northern margin. Sediment was primarily transported to the 
offshore environment by low-density turbidity currents. 
The overlying Monahiti Member is characterised by a high proportion of both low- and high-
density mass flow deposits. These typically contain clasts of both ophiolite and Cretaceous, 
coralline limestone, of which the latter dominate and reach 40 cm in diameter. However, 
larger blocks (up to 1.5 m in diameter) also occur and increase in size northwards. South-west 
of Orliakas (Fig. 8.4), rocks of similar but more proximal facies occur and large blocks are 
locally observed at the foot of fault-scarps. Following Faugeres (1978), the mass-flow 
deposits of the Monahiti Member are interpreted as having been derived from the uplift of 
the Orliakas limestone ridge in the Priabonian. Pockets of conglomerate have been 
described by Jones (1990) from the Pindos Ophiolite and have been successfully dated as 
being Eocene in age. Many of them are olistostromes and they are therefore likely to 
represent sediments of either the Petra Tripimeni or Mikrolivado Members. 
The basal sandstones of the overlying Upper Sandstone Member are interpreted as ranging 
from massive, relatively shallow-water sandstones in the north, to thinner-bedded turbidity 
currents in the south. Furthermore, fragments of basement appear to have been locally 
exposed, sourcing proximal angular limestone breccias, and palaeocurrents indicators 
suggest various sediment sources for the area. A relatively complex palaeogeographic 
setting is therefore interpreted as the basin began to be infilled. 
314 
The similarity of the Vassiliki Formation with the Krania Formation is consistent with the two 
areas having been continuous. Both areas appear to have experienced marked subsidence, 
resulting in an increase in palaeobathymetry during most of the Priabonian. In the Vassiliki 
Formation, the shallow- and marginal-marine limestones and conglomerates of the Khimadio 
Member and massive(?)shallow-marine sandstones of the lower Rizoma Member are 
palaeobathymetrically equivalent to the lower Petra-Tripimeni Member. The deeper-water 
planktonic foraminifera-bearing siltstones of the upper Rizoma Member may be the 
palaeobathymetric equivalent of the Upper Petra-Tripimeni Member to (?)Monahiti Member. 
The Upper Sandstone Member of the Krania Formation does not appear to have an 
equivalent in the Vassiliki Formation and it may have been eroded. 
Along the eastern margin of the basin, near the Greek-Albanian border, the Bitincke 
Formation was deposited in a marginal marine (lagoonal) environment, with conglomeratic 
input from both alluvial fans and fan deltas. Its facies and detailed stratigraphic relationship 
with the Krania and Vassiliki Formations more than 70 km to the south-east is unknown. At 
the north-western end of the Meso-Hellenic Trough, the Stravaj Formation (on the western 
margin) grades from shallow-water, proximal, clastic and limestone facies to deeper-water 
turbiditic sandstones. The Cervenake Formation, deposited on the opposite margin, is only 
preserved in 40-60 m thick sections and consists of shallow-marine limestone that may 
correlate with the base of the Stravaj Formation. 
Despite the difficulties described above, clear relationships do exist between the different 
formations of the Basin-margin Group. Although there are problems with correlating the 
different biostratigraphic schemes used to date the different formations (in part due to the 
age of some of the dating carried out and the subsequent changes to time-scales) they all 
appear to be of similar age at their base. Furthermore, the better preserved formations (with a 
thickness of >400 m) all exhibit an increase in palaeobathymetry during the U. Eocene (with 
the possible exception of the Upper Sandstone Member). Where only thinner successions 
are preserved (e.g. the Cervenake Formation), they consist of shallow- or marginal-marine 
deposits. In addition, the thickest clastic sequences (the Krania and Stravaj Formations) both 
occupy a similar position within the basin, along the south-western margin. However, apart 
from the Krania sub-basin, which may have been at least partially bound by syn-sedimentary 
faults, there are no constraints as to the margins of the basin during the U. Eocene and they 
probably covered a greater part of both the Pelagonian and Pindos zones than they do 
today. This is supported by the Eocene age of small, dismembered pockets of s€diment 
observed within the Pindos Mountains. The question of whether the Basin-margin Group 
was connected with the Pindos Basin or separated from it by land remains unanswered. 
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Although facies analysis of the Krania Formation suggests that the Pindos Ophiolite was 
subaerially exposed during the initiation of sedimentation in the MHT, it is possible that the 
present Pindos Mountains were at least partially submerged during the deposition of the 
deeper-water Priabonian sediments. Evidence for the palaeogeography of the Pindos 
Mountains at this time lay with the Basin-margin Group sediments deposited in that area, but 
these have largely been eroded. 
8.2.2 	The sedimentary and palaeogeographic evolution of the Meso- 
Hellenic Group 
The Meso-Hellenic Group forms the majority of the volume and exposed area of the MHT and 
has a stratigraphic thickness of more that five kilometres in the central part of the basin. Its 
division into five formations largely follows the work of Brunn (1956) in northern Greece and 
has been extended here to include the Albanian part of the basin. The preferred correlation 
between Morave and northern Greece (outlined and justified in chapter two and enclosure 1) 
does not correlate the Mt. Ondria algal limestone with the algal limestone along Morave, as 
has been assumed by most previous authors (e.g. Brunn, 1956). The latter is now 
interpreted as part of the Pentalofon Formation, correlating with relatively deep-water 
turbidites in the centre of the basin and indicating an important decrease in bathymetry away 
from the basin-centre, as discussed below. 
8.2.2.1 	Facies and thickness trends 
Of the five formations of the Meso-Hellenic Group, only the Heptahorion and Pentalofon 
Formations are preserved throughout the MHT, while the Tsotillion Formation is only 
preserved as far north as Morave. The Nestorion and Damaskinea Formations are only 
preserved in even smaller areas in the southern MHT, in northern Greece and along Morave. 
As a result, the palaeogeography is best constrained in the Oligocene and increasingly less 
well constrained during the middle and late Miocene. The interpretation of palaeogeography 
is reliant on detailed facies analysis. This is therefore discussed prior to a more specific 
discussion of palaeogeography. 
Both the Heptahorion and Pentalofon Formations exhibit similar trends in terms of facies 
distribution and formation thickness over the basin. The Heptahorion Formation in Albania 
was deposited in marginal marine environments (Fig. 8.1A) ranging from the thick, coarse-
grained fan-delta sequence of  the PogradecMemb?i fiU'ial delta-top environment of 
the lower Lozhan Member and the lagoonal facies of the Drenove Member. Further south- 
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eastward in the basin, the bulk of the formation consists of open-marine sediments of the 
Dotsikon Member. The Dotsikon Member generally exhibits an almost basin-wide increase in 
palaeobathymetry with time, which increases towards the basin centre (the Heptahorion/ 
Pentalofon section). Along Morave, fluctuations in relative sea-level resulted in the 
deposition of shoreface sediments of the lower Dotsikon Member, which are overlain by 
offshore siltstones of the upper Dotsikon Member. In contrast, in the Heptahorion section, 
basal fan delta sediments are overlain by shallow-marine and then by epibathyal or neritic 
siltstones. The palaeobathymetry of the basin also decreased from the basin centre towards 
the south-east, where Heptahorion Formation sediments are all of shallow-marine origin. 
Associated with the palaeobathymetric trend is a comparable trend in sediment thickness, 
with the Heptahorion Formation generally increasing in thickness towards the basin centre 
from both ends, indicating that the MHT had a canoe-shaped morphology. The main break in 
this trend is the Kipourio Member (deposited within the Gulf of Krania) which has a thickness 
of around 1100 m and predominantly consists of fan-delta and delta-top sediments 
deposited near sea-level. Meso-scale cyclicity within these deposits may be interpreted as 
the result of repetitive sea-level fluctuations during their deposition. Similar cyclicity has also 
been described from the Rupelian of Italy (Bosellini and Trevisani, 1992) where they were 
interpreted as small-scale eustatic fluctuations. 
The overlying Pentalofon Formation exhibits similar facies trends (Fig. 8.1 B). In Albania, the 
Pogradec, Gurit Te Kamies and upper Lozhan Members were deposited in a fan delta, or 
delta-top environment, which became more distal towards the south-east. Pataeobathymetry 
is interpreted as having increased from the shallow-marine, or offshore, environment of the 
Pentalofon Formation sediments exposed along Morave to the bathyal setting in which the 
turbidite complex of the central MHT was deposited. It decreased again towards the south-
east, where the Meteora Member was deposited at or around sea-level in a fan-delta 
environment (Ori and Roved, 1987). The thickness of the Pentalofon Formation also 
increases towards the basin centre from its ends, indicating that the canoe-shaped 
morphology was maintained throughout the Oligocene. The base of the Pentalofon 
Formation is marked by a basinward shift in facies and in the central MHT is associated with 
incision. The age of the contact has also been correlated with the TB1.1 (30 Ma) eustatic 
drop in sea-level recognised by Haq et al. (1987), which is one of the largest drops 
recognised during the Phanerozoic (Ori et al., 1990). However, the incision associated with 
the contact is in a relatively distal setting and no incision is observed in more proximal 
environments. The incision may therefore be the result of erosion at the foot of a slope and 
not the result of a lowering of base-level. A further possibility is that the contact is the 
unconformity recognised on seismic data (Fig. 8.6) and represents a period of uplift of the 
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Schematic summary of the palaeogeographic evolution of the Meso-HelefliC Trough 
during the deposition of the Heptahorion to Tsotillion Formations 
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(?)Pelagonian zone. This is supported both by clast provenance data and by the south-
westward divergence of (?)Pentalofon Formation reflectors above the unconformity, which 
suggests the relative uplift of the Pelagonian zone during deposition of the Pentalofon 
Formation. 
For the three younger turbidite systems of the Pentalofon Formation in the central MHT, 
basal conglomerates are not associated with widespread basal incision and do not tie in 
accurately with eustatic sea-level falls on the Haq etal. (1987) curve. Contrary to Ori etal. 
(1990), the input of conglomerates at the base of these members is therefore considered 
more likely to have a tectonic origin. 
The Tsotillion Formation is less well exposed than the underlying formations. Along Morave, 
the Sinice Member represents both the Tsotillion and Nestorion Formations and consists 
predominantly of monotonous offshore siltstone (Fig. 8.1C). However, several large 
consolidated and unconsolidated slump units are interbedded as well as highly erosive 
channels. Meso-scale, syn-sedimentary normal faults were also observed in one section, but 
it is not known whether this was the result of extension or differential compaction. 
In the central MHT, the Tsotillion Formation onlaps the Pelagonian zone directly, indicating 
that active, syn-sedimentary, north-eastward depocentre migration occurred during the 
deposition of the Meso-Hellenic Group. This is confirmed both by unpublished seismic data 
and field evidence. The Tsotillion Formation is observed onlapping basement directly on 
small basement outcrops (exposed due to post-depositional deformation) up to 10 km west 
of the main basin margin. Furthermore, the Ne2 borehole (west of Neapolis; IFP, 1962) 
encountered 1030 m of the Tsotillion Formation directly overlying basement. 
Due to the relatively steep monoclinal dips of the Heptahorion and Pentalofon Formations, 
facies changes observed across a transverse section are more likely to reflect a temporal 
rather than spatial change in facies. However, due to the onlap of the Pelagonian zone and 
the lesser dips of the Tsotillion Formation, the Tsotillion Formation offers the opportunity to 
examine lateral facies changes within a transverse section across the MHT. The Neapolis 
Member exhibits clear transverse facies and thickness changes, with a relatively thin south-
westerly offshore fades belt (overlying the Pentalofon Formation in outcrop), a thick deeper-
water central facies belt and a thin, proximal north-easterly fades belt (onlapping the 
Pelagonian zone). Throughout the northern half of the MHT (the Sinice and Neapolis 
Members) the Tsotillion Formation is relatively fine-grained and is often lithologically 
gradational with the .Pentalofon Formation, fining upwards. 
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In contrast, the base of the Tsotillion Formation in the southern MHT is marked by the sharp 
input of conglomerate in either shallow, submarine or subaerial conditions (the Itea and 
Vlahava Members, respectively). The grain-size above this contact decreases northwards 
and the coarse-grained clastic input is interpreted as the result of the uplift of the Pelagonian 
zone in the southern part of the basin. This is supported by the presence of an angular 
unconformity at the base of the Viahava Member. The Itea Member is largely interpreted as 
having been deposited in a deltaic environment, with coarse-grained sediment transported 
from the Pelagonian zone along large valleys (that have been preserved, as they were 
subsequently infilled; Faugéres, 1978). Rapid sediment input resulted in a thick Tsotillion 
Formation succession in this part of the basin and marginal marine conditions (indicated by in 
situ trees and thin lignite beds) in a far more basinward position than is observed elsewhere 
in the Tsotillion Formation. The Vlahava Member consists of extremely coarse-grained fluvial 
deposits, with clasts up to 1.5 m in diameter. 
New palaeontological data suggest that the Nestorion and Damaskinea Formations may be 
the same age as the upper Tsotillion Formation. However, due to the poor preservation of 
the former, and the north-eastward depocentre migration of the Tsotillion Formation, they 
cannot be directly correlated. In the southern and central MHT, the basal Nestorion 
Formation consists of shallow-marine algal limestone and sandstone, which passes both 
laterally (north-eastward) and upwards into offshore siltstones. These are probably the lateral 
equivalent of the Sinice Member siltstones along Morave. In northern Greece, this lateral 
change in fades suggests that the primary depocentre was still along the north-eastern 
margin of the basin, which is consistent with the depocentre of the underlying Tsotillion 
Formation. Importantly, the deposition of the Nestorion Formation in northern Greece is also 
associated with syn-sedimentary extension. The Damaskinea Formation is the youngest 
preserved shallow-marine infill of the basin and consists of coarse-grained sandstones and 
siltstones. The base of the formation is often marked by incision and a basinward shift in 
facies, which probably indicates a relative lowering of sea-level. Although the shallow-marine 
environment of deposition of the Damaskinea Formation is consistent with the final infilling of 
the basin up to sea-level, it remains uncertain how much of the Meso-Hellenic Group may 
have been eroded during the late Miocene or later (section 8.2.1.2). 
The Meso-Hellenic Group is unconformably overlain by both the Librazhd and Grevena 
Formations (Tortonian and Pliocene respectively) but these were only briefly examined 
during this work. The Librazhd Formation is predominantly fluviatile, only found at the north-
western end of the MHT and is linked in origin to the Tirana Trough to the north-west. The 
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Grevena Formation is predominantly lacustrine and occurs along the eastern margin of the 
MHT in the central segment of the basin. The Pliocene lake was initially in contact with a lake 
on the Pelagonian zone, but contact was broken during its later development (Faugéres, 
1978; table 8.1). 
8.2.2.2 	Sediment dispersal during the deposition of the Meso- 
Hellenic Group 
Sediment dispersal patterns within the MHT are interpreted from palaeocurrent data, clast 
provenance data and facies distributions. Clast provenance in Albania suggests that during 
the deposition of the Heptahorion Formation, the majority of sediment was sourced from the 
Pelagonian zone. This is consistent with the large thickness of coarse-grained sediment 
deposited in a fan-delta environment to the west of Pogradec (Figs. 8.1A and 8.2A). A similar 
situation occurred at the south-eastern end of the MHT, where abundant metamorphic 
detritus was shed from the Pelagonian zone. In contrast, the lower Heptahorion Formation in 
the central MHT contains locally-derived conglomerates from the south-western margin 
(Brunn, 1956). However, the syn-sedimentary north-eastern margin of the basin in the 
central MHT at this time is no longer exposed due to depocentre migration and it seems likely 
that it was fed by Pelagonian zone sediments, given the provenance at the basin ends (Fig. 
8.2A). Higher up in the formation, sole-marks at the base of deeper-water mass-flow 
sandstone beds indicate the initiation of more axially orientated sOuth-eastwards flowing 
palaeocurrents. These are consistent with the south-eastwards increase in 
palaeobathymetry interpreted from fades relationships in the northern and central segments 
of the MHT. 
During the deposition of the Pentalofon Formation, both fades variations and palaeocurrent 
indicators suggest continued axial sediment dispersal (Fig. 8.213). In Albania (the main source 
of the majority of this sediment) clast provenance suggests that the Pelagonian zone 
remained the main source of sediment, although this cannot be certain without more 
palaeocurrent data in this area. The conglomerates within the turbidite complex of the central 
MHT also appear to be dominated by Pelagonian zone clasts. Axial palaeocurrents were 
measured as far south as the area north-west of Grevena. South-east of this area (in the 
Venetikos section), clasts are dominated by ophiolite, with a significantly smaller component 
of metamorphic and igneous clasts compared with the turbidite complex to the north. This 
suggests that sediment was supplied directly from one or other margin (the Pindos or 
Vourinos Ophiolite) and that the axially flowing turbidity currents did not reach this part of the 
basin. Ibis cohsistent with facies distributiohs Which suggest a south-eastward decrease in 
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palaeobathymetry away from the centre of the basin (the Pentalofon area; Fig. 8.1B). The 
axially flowing palaeocurrents may therefore have begun flowing gently uphill in the area 
north-west of Grevena. The decrease in palaeobathymetry must have continued as far as a 
palaeo-high in the unexposed area south-east of the Venetikos section, as conglomeratic 
material shed off the Pelagonian zone in the Meteora area flowed intermittently directly into 
the basin or axially towards the south-east (Fig. 8.213). 
Sediment dispersal during the deposition of the Tsotillion Formation is less clear due to a lack 
of palaeocurrent indicators in the northern part of the basin (mainly siltstone). However, the 
north-easterly facies belt was clearly sourced from the Pelagonian zone (Fig. 8.3C). The very 
base of the Tsotillion Formation in the Pentalofon-Tsotillion section (south-western facies 
belt of the central MHT) still contains axially orientated sole-marks, but facies relationships 
suggest that the basin-parallel variation in the palaeobathymetry of the basin was less marked 
than during the deposition of the Heptahorion and Pentalofon Formations. In the southern 
MHT, sediment was clearly sourced directly from the Pelagonian zone (as indicated by facies 
relationships, clast imbrication and clast provenance) and is related to the uplift of the 
Pelagonian zone at this time. Few palaeocurrent indicators were observed in the Nestorion 
or Damaskinea Formations. 
8.2.2.3 	The palaeogeography of the Meso-Hellenic Group 
Chapters 5 to 7 detailed the sedimentology and palaeogeography of the Meso-Hellenic 
Group during the Oligo-Miocene and suggested that during this time the Meso-Hellenic 
Trough consisted of an elongate largely submarine basin. It was bounded by the relatively 
high-relief, emergent Pelagonian zone to the north-east and the relatively low-relief, but still 
predominantly emergent Pindos zone to the south-west. Available evidence for the position 
of the palaeo-shorelines is summarised here and the question of the location of the basin's 
marine connection is also addressed. 
No direct evidence exists as to the position of the Pelagonian (north-eastern) shoreline of 
the MHT during the deposition of the Heptahorion and Pentalofon Formations, as it is either 
covered by the Tsotillion Formation or has been eroded (in northern Greece and southern 
Albania, respectively; Fig. 8.1). During the deposition of the Tsotillion to Damaskinea 
Formations, the locally preserved transition from non-marine to marine sediments suggests 
that the palaeo-shoreline was not far from the preserved eastern margin of the MHT, but it 
may have locally extended several kilometres further towards the north-east. 
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The Pindos (south-western) margin of the MHT was emergent during the deposition of the 
base of the Heptahorion Formation (early Oligocene), when a series of alluvial fans shed 
sediment north-eastward into the MHT (Fig. 8.1A). This followed the uplift and deformation of 
the Pindos margin at the end of the Eocene, which resulted in the unconformity separating 
the Basin-margin and Meso-Hellenic Groups. Prior to this, in the Priabonian, relatively deep-
water sedimentation characterised the Basin-margin Group and it remains uncertain whether 
the south-western margin to the MHT was emergent or not. As the MHT continued subsiding 
during the deposition of the upper Heptahorion and Pentalofon Formations (Chattian to early 
Aquitanian), palaeobathymetries of several hundred metres were reached in the centre of 
the basin (Barbieri, 1992) and most of the detritus was sourced from the Pelagonian zone, 
which clearly had the greater relief. Direct evidence of the position of the Pindos margin 
palaeo-shoreline at this time is lacking, due to late Miocene deformation and erosion along 
this margin of the basin. Non- and marginal-marine deltaic deposits were deposited at the 
north-western end of the basin and in the Kipourio area, clast and facies analysis suggest 
that sediment was sourced from the Pindos margin (Fig. 8.113 and 8.213). However, it is 
possible that the Pindos margin was only partially emergent and formed a linear chain of 
islands between the MHT and Ionian basin. Despite this possibility, patterns of sediment 
dispersal within these two basins clearly evolved separately during the Oligocene, as the 
MHT was primarily sourced axially from the north-west, whereas the Ionian basin was primarily 
sourced axially from the south-east (Leigh, 1991). 
During the deposition of the Tsotillion and later formations in the Miocene, the basin 
depocentre migrated towards the north-east (Figs. 8.1C and 8.2C) due to the thrust-related 
uplift of the Pindos margin towards the end of the Oligocene. As no Tsotillion Formation 
sediments are preserved along the syn-sedimentary south-western margin of the basin, due 
to erosion, the exact position of the Miocene palaeo-shoreline is unknown. However, the 
Pindos margin (probably including Heptahorion and Pentalofon Formation sediments) is 
interpreted as having been fully emergent at this time. Following the uplift of the whole of the 
Pindos margin, early Miocene uplift of the Pelagonian margin resulted in the uplift and 
subaerial exposure of the south-eastern end of the basin and the deposition of coarse fluvio-
deltaic deposits (Fig. 8.1C). 
For much of the evolution of the MHT, the basin can therefore be considered as an elongate, 
submarine basin, bounded by land on either margin. Facies and thickness trends indicate 
that the basin was broadly canoe-shaped, tapering at each end. However, little direct 
evidence exists as to the position of the basin's marine connection. Palaeogeographic 
reconstructions of the eastern Mediterraniar (e.g. ereourt'eraL, 1986; Fig. 8.3) largely 
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ignored the existence of the MHT, placing the palaeo-coastline during the Oligo-Miocene at 
the thrust-front. During this time, a large sea-way existed to the north-east of the Dinaro-
Hellenic chain, but the nearest open sea was to the south-west (Fig. 8.3A and B). Although 
the MHT tapers at both ends, non-marine conditions were more prevalent at the north-
western end of the basin during the Oligocene (Fig. 8.1) and Pentalofon Formation 
palaeocurrents suggest a dominant gradient towards the south-east at this time. It is 
therefore most likely that the MHTs marine connection occurred towards the south-east of 
the basin during the Oligocene, but its exact position is uncertain and remains an important 
focus for future research. However, during the deposition of the Viahava Member (basal 
Tsotillion Formation) in the early Miocene, the south-eastern end of the basin was uplifted 
and became subaerially exposed resulting in deposition in a fluvial environment (Fig. 8.1C). 
During this time, open marine conditions continued to the north-west at least as far as Morave 
(north of which no Tsotillion Formation sediments are preserved) and it is possible that the 
early Miocene uplift of the south-eastern end of the basin resulted in a marine connection 
opening to the north. Later in the Miocene, during the deposition of the upper Tsotillion and 
Nestorion Formations, the open sea returned to the south-eastern MHT (enclosure 1) and 
there is no evidence as to whether the marine connection was at one or both ends of the 
MHT, as the final transition from marine to non-marine conditions during the deposition of the 
Meso-Hellenic Group is not preserved. 
Following the fluvial deposition of the bulk of the Librazhd Formation in the Tortonian (middle 
Miocene), the upper part of the Formation was deposited under marine conditions 
Transgression was from the west or north-west (Fig. 8.3C) and suggests that any south-
eastern connection of the MHT with the open sea was now permanently closed. This may 
have resulted from the deformation that uplifted and folded the Meso-Hellenic Group prior to 
the Tortonian, resulting in the regional unconformity at the base of the Librazhd Formation. 
8.3 	 The structural evolution of the Meso-Hellenic Trough 
8.3.1 	The structural evolution of the Krania sub-basin 
Apart from its unconformable contact with the overlying Kipourio Member, the Krania sub-
basin is largely bound either by faults or by tight folds, which may themselves be the result of 
blind faulting (Fig. 8.4). The coarse-grained ophiolitic breccias up to 600 m thick at the base 
of the Krania Formation, along the south-western margin of the basin, are interpreted as 
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the initial subsidence in the basin, but there is no evidence as to the nature of the faulting. 
The current south-western margin of the sub-basin consists largely of steeply dipping or 
overturned basal Krania Formation sediments. The folds are interpreted as the result of blind, 
high-angle reverse faults which folded the Krania Formation sediments to the sub-vertical 
along the eastern limb of the fold. These structures may therefore be reactivated faults that 
were originally active during initial subsidence along this margin. 
The occurrence of olistostromes transporting large blocks within the upper Petra-Tripimeni 
Member and Mikrolivado Member siltstones may indicate continued fault activity in the north 
of the basin, although the faults may have been outside the currently preserved area of the 
basin. The increase in thickness of the Mikrolivado Member towards the northern basin 
margin may also suggest active faulting along this margin or further to the north. The sub-
vertical fault along the current northern margin of the sub-basin is associated with a change in 
bedding strike from NW-SE near the basin centre to NE-SW near the fault. The fault is 
therefore interpreted as having experienced dextral strike-slip motion. During the deposition 
of the Monahiti Member, this structure clearly did not form the syn-depositional northern 
margin to the basin, as Monahiti Member sediments are found further north, to the south-
west of Orliakas. Here they directly onlap basement (with no evidence of the older members 
preserved beneath) and are associated with steep syn-depositional reverse faults which are 
interpreted as having uplifted Orliakas at this time (following Faugeres, 1978). 
The current southern margin of the Krania sub-basin is a south-eastward dipping reverse 
fault which is interpreted as a post-depositional structure as it bears no relationship to the 
fades distribution in this part of the basin. It passes eastward into a complex faulted margin 
which bounds the Gulf of Krania, but not the Krania sub-basin itself. On the map, the fault 
pattern forms a serrated contact between the basement and basin, with syn-sedimentary 
breccia deposited discontinuously along the margin (Fig. 8.4). The breccia is interpreted as 
having been deposited in small pull-apart structures related to sinistral strike-slip, but it is 
uncertain whether the breccia is U. Eocene or Oligocene in age (ie. part of the Basin-margin 
or Meso-Hellenic Group). The faults certainly cut the Heptahorion Formation, indicating post-
Oligocene fault movement along the margin, but the inferred strike-slip motion may have 
occurred during the deposition of the Basin-margin Group. 
Meso-scale compressional structures are also relatively common away from the margins of 
the Krania sub-basin. In the Upper Sandstone Member of the northern part Y the basin, a 
sharp change in the bedding strike associated with meso-scale folds and reverse faults (from 
a NE-SW trend to a NW-SE trend) may be associated with an '172 fold axis also observed 
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within the Pindos Ophiolite and related units by Jones (1990). In the southern Krania sub-
basin, the age of all the basin-bounding reverse faults is constrained as being U. Eocene in 
age, as the steep bedding dips associated with the faults are unconformably overlain by an 
outlier of flat-lying Kipourio Member. This interpretation is extended to the western margin of 
the whole of the Krania sub-basin and the fault movement along the northern margin is also 
constrained as being U. Eocene in age by the Meso-Hellenic unconformity. Compressional 
structures are not observed in the overlying Kipourio Member, which is only deformed by 
normal faults. 
8.3.2 	The Oligocene-Middle Miocene structural evolution of the 
Meso-Hellenic Trough 
8.3.2.1 	Syn-sedimentary deformation 
The Meso-Hellenic Group is separated from the Basin-margin Group by a basin-wide 
unconformity that developed under sub-aerial conditions following the compression that 
uplifted the area at the end of the Eocene. Although the Meso-Hellenic Group structure is 
apparently symmetrical in Albania, it is highly asymmetrical in the central MHT, due to the 
north-eastward dipping monocline which deforms this part of the basin. At the surface, this 
monocline has dips of around 20 0  or more over much of the width of the basin, although the 
dips decrease towards the north-eastern margin of the basin. 
The relationship between the monoclinal dips and basement has been clarified by two 
seismic sections that were briefly observed by the author and Dr. J.E.Dixon (Fig. 3.16). 
These clearly indicate that the the maximum depth to basement of the basin is around 2.5 
km, compared with the Meso-Hellenic Group's stratigraphic thickness of over 5 km. By 
themselves, these facts would suggest the regular onlap of basement across the basin, as 
field-work does not reveal any regional angular unconformities in this part of the basin. 
Indeed, such onlap was observed in a more southerly seismic section, but this section is 
probably not typical, due to a pronounced bulge in the basement. 
In the more northerly section, reflectors within the lower part of the section (? the 
Heptahorion Formation and possibly the Basin-margin Group) remain parallel to basement 
over much of the preserved width of the basin and are truncated by a strong reflector 
interpreted by DEP-EKY (the Greek petroleum company) as being an intra-Heptahorion 
Formation reflector. This and the overlying reflectors are the most south-westerly, reflectors 
to onlap basement directly (Fig. 8.6). In contrast with the interpretation of DEP-EKY, field 
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data suggests that the strong reflector is most likely to correlate with the base of the 
Pentalofon Formation, where there is a major change in lithology (plate 6.113). The 
Pelagonian provenance of Pentalofon Formation conglomerates and the south-eastward 
divergence of reflectors overlying the unconformity in the northern seismic section suggest 
that the unconformity is therefore the result of the relative uplift of the Pelagonian zone 
which continued periodically and may have controlled the deposition of coarse-grained 
sediment during the deposition of the Pentalofon Formation. The relative uplift of the 
Pelagonian zone during the Chattian is also suggested by minor unconformities within the 
Meteora Member (Ori and Roveri, 1987). 
In contrast with the south-westward diverging reflectors within the (?)Pentalofon Formation, 
the geometry of the basin during the deposition of the Tsotillion Formation had the opposite 
sense of asymmetry, at least in the central part of the basin (Fig. 7.4). The south-western 
margin of the basin is therefore interpreted as having been uplifted during the (?)Aquitanian 
due to thrusting at depth beneath the basin, generating the observed monocline. This is 
supported both by the north-eastward depocentre migration observed in this part of the 
basin and by the north-eastward decrease in the plunge of the monocline. However, it is also 
possible that the monoclinal dips have been accentuated by later (U. Miocene) deformation. 
Meso-scale syn-sedimentary deformation is relatively rare within the Meso-Hellenic Group 
and is most commonly associated with local unconformities which are mainly observed within 
the Tsotillion and Nestorion Formations in Greece. The most major unconformity occurs at 
the base of the Tsotillion Formation in the southern MHT and resulted from the sub-aerial 
erosion of the underlying formations over at least 25 km of the basins length. It resulted from 
the local uplift of the Pelagonian zone in the Aquitanian, but the precise nature of the folding 
has been obscured by later (post-depositional) folding of the same area. Uplift of the 
Pelagonian zone also resulted in a later syn-Tsotillion Formation unconformity at the base of 
the Asproklissia Member, but this can only be mapped over a few kilometres as much of the 
upper Tsotillion Formation has been eroded in this part of the basin. Other syn-Tsotillion 
Formation unconformities (e.g. at Sarakina, Itea and west of Vogatsikon) can only be mapped 
over a few hundred metres and are the result of movement (often polyphase) on blind 
basement structures. L. Miocene deformation is also interpreted as having rapidly exposed 
Cretaceous limestone in the Taxiardis area. However, the precise nature of the basement 
structures and the stresses which caused this highly localised deformation are uncertain. 
Syn-sedimentary movement on the transverse Aliakmon fault is also demonstrable during 
the depositqnof theTsotillion Formation due to the angular unconformity at the base of a 
highly erosive channel which traverses the fault at Nestorion. In contrast, the local 
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unconformities which characterise the base of the Nestorion Formation in northern Greece 
are associated with a number of syn-sedimentary extensional meso-scale structures which 
suggest an extensional origin for the unconformities themselves (table 8.1). For example, 
syn-sedimentary normal faults were observed at several localities and are associated with 
sedimentary dykes near Nestorion. 
8.3.2.2 	Post-depositional Miocene deformation 
The majority of deformation to affect the Meso-Hellenic Group is post-depositional. This is 
constrained as having occurred before the Pliocene in most of the basin (by the 
unconformably overlying and relatively undeformed Grevena Formation) and some of this 
deformation in Albania is clearly pre-Tortonian (as constrained by the unconformity at the 
base of the Librazhd Formation). The majority of meso-scale faults to affect the Meso-
Hellenic Group are extensional, and faults are predominantly orientated parallel to the basin. 
This is particularly clear in the Gulf of Krania, where Krania Formation sediments are deformed 
by compressional folding and faulting, yet are unconformably overlain by Heptahorion 
Formation sediments in which only normal faulting is apparent. However, none of the faults 
are syn-depositional and there is no evidence of syn-sedimentary extension in either of the 
seismic sections. The precise age of this faulting is problematic, as it is uncertain whether it 
pre- or post-dates the larger-scale compressional deformation described below. It seems 
most likely that it developed at the same time as, or soon after, the syn-sedimentary 
extensional deformation affecting the Nestorion Formation. 
The whole of the basin is affected by a series of post-depositional basin-parallel folds which, 
in the central segment of the basin, are superimposed on the monoclinal structure (table 
8.1). In Albania, a pre-Tortonian and a post-Tortonian fold share the same fold axis, resulting 
in the symmetrical syncline observed in that part of the basin. However, in Greece, a series of 
folds developed which can be traced along much of the length of the basin. The main 
transverse discontinuity across which they often cannot be traced is the Klima lineament 
which may be an older fault structure at depth. A number of relatively large-scale, post-
depositional, basin-parallel reverse faults also occur (e.g. the Taxiardis fault; enclosure 3) and 
these often appear to have a direct relationship with folds of the same age along strike, 
where the faults become blind. Many of the folds are therefore interpreted as the result of 
compressional movement on basement structures. 
Cross-sections across the south-western margin of the MHT also suggest that it has been 
deformed by post-depositional deformation of similar age to the above structures (table 8.1). 
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In Greece, these have resulted either in the folding to the sub-vertical of basal Heptahorion 
Formation sediments or in a fault contact between the Heptahorion Formation and 
basement. Both are interpreted as the result of a north-east verging reverse fault at depth. 
This structure may also be an older reactivated structure. The main area in which it is 
conspicuous by its absence is the Gulf of Krania, where the Kipourio Member is relatively 
undeformed apart from by meso-scale normal faulting. Its absence in this area may be the 
result of the strike-slip faults interpreted as bounding the Gulf of Krania, which would have 
moved any such basement structure towards the south-west. Importantly, the structures 
deforming the south-western margin of the MHT only affect the Heptahorion Formation 
within about 1 km of the contact with basement, and are interpreted as older structures than 
the basin-wide monocline. There is no evidence of syn-sedimentary deformation associated 
with them and they cannot have controlled subsidence as they are absent from the majority 
of the basin in Albania. A further implication is that the present south-western basin-margin 
did not form the syn-depositional basin-margin. 
The deformation may also be associated with uplift of the Pindos Mountains, relative to the 
MHT. This is emphasised by the fact that during the deposition of the Meso-Hellenic Group 
(particularly during its latter development) the main source of sediment appears to have been 
the Pelagonian zone, yet at present the Pindos Mountains form the highest mountain range 
in Greece. An east-dipping planation surface was recognised by Brunn (1956) in the Pindos 
Mountains in this part of Greece and was interpreted by Faugéres (1978) as a Plio-
Quaternary surface. Its correlation with the base-Grevena unconformity in the Grevena area is 
supported by the existence of Grevena Formation channels, which transported Pindos zone 
detritus north-eastwards across the MHT and the Pliocene deposition of the Grevena 
Formation along the north-eastern edge of the MHT. This relative uplift is supported by the 
occurrence of fault-bounded pockets of Krania Formation sediments still preserved along 
the eastern edge of the Pindos Ophiolite. However, although the relative relief of the Pindos 
zone may have been increased at this time, the MHT was also significantly uplifted, resulting 
in the presently observed Ondria limestone (? Burdigalian) at altitudes of up to 1400 m, such 
as at Mt. Alevitsa. 
8.3.2.2 	Pliocene-Recent deformation 
The Pliocene-recent deformation of the MHT appears to have resulted from a complex 
interaction between compression and extension, but dominated by the latter (table 8.1). If 
the interpretation of Tagari etal. (1991) that the deposition of the Librazhd Formation at least 
locally occurred in a half graben is correct, this extension may have begun in the late 
333 
Miocene. The lacustrine deposition of the Grevena Formation in Greece is largely 
unassociated with syn-sedimentary deformation, although it is important that deposition 
largely occurred along the north-eastern margin of the basin. However, the (?)Plio-
Pleistocene Karperon basin (enclosure 2) was probably bounded by normal faults, as was 
the Ptolemais basin on the Pelagonian zone. These structures may be of similar age to the 
north-south trending graben developed in Albania (Tagari etal., 1991; Table 8.1). The 
orientation of these structures is broadly in agreement with the orientation of extension 
interpreted as affecting northern Greece in the Pliocene-L. Pleistocene (Mercier et al., 
1989). Initially, the Ptolemais and Grevena Formation lake systems were joined, but this was 
disrupted by syn-Grevena Formation compressional deformation during the Pliocene 
(Faugères, 1978; table 8.1). Most recently, neotectonic extension has resulted in movement 
along the transverse Korce normal fault, with the syn-sedimentary uplift of Morave in the foot-
wall. Its orientation is also in agreement with the NNW-SSE orientation of extension since the 
M. Pleistocene (Mercier etal., 1989). The other transverse faults immediately south of the 
Greek! Albanian border are also clearly post-tectonic and may have formed at a similar time, 
but their age is not constrained by the presence of the Grevena Formation. In summary, the 
orientation of extension during the Plio-Pleistocene is broadly in agreement with the 
observations of Mercier et al. (1989) in north-eastern Greece, which they attributed to the 
interaction of slab forces and the westward push of the Anatolian landmass. However, in 
contrast with this area, the MHT also experienced uplift and compression during the late 
Miocene. 
8.4 	 Models for the evolution of the Meso-Hellenic Trough 
8.4.1 	Basin evolution during the deposition of the Basin-margin 
Group 
Apart from the Krania sub-basin, the preserved outcrops of the Basin-margin Group are not 
associated with active syn-sedimentary faults. There is therefore little direct evidence as to 
the cause of basin subsidence at this time. In the southern MHT, Bizon etal. (1969) dated a 
small outcrop of Sub-Pelagonian flysch as being Ypresian (L. Eocene) in age, which was 
therefore deposited at the same time as the Pindos Flysch. It indicates an important phase of 
M. Eocene deformation, uplift and erosion of the Sub-Pelagonian zone, approximately 
coincident with collision between Apulia and Pelagonia. The similar age of the different 
isolated outcrops of the..Basin-margin Group suggest that initial subsidence of the MHT was 
due to a single subsidence mechanism. In the case of the Krania sub-basin, the age of the 
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Krania Formation (deposited on top of the Pindos Ophiolite) overlaps with that of the Pindos 
Flysch (exposed beneath the Pindos Ophiolite; Brunn, 1956; Lorsong, 1977). Mountrakis et 
al. (1993) proposed that the overthrusting of the Pindos Flysch by the Pindos Ophiolite 
occurred as the result of extension during the early Oligocene (Fig. 1.8). However, folds 
which deform the basal thrust to the Pindos Ophiolite do not fold the Heptahorion Formation. 
This basal thrust had therefore been folded and become inactive by the end of the Eocene 
(at latest) so the overthrusting of the Pindos Flysch by the Pindos Ophiolite must have 
occurred during the late Eocene. The Krania sub-basin was therefore a thrust-sheet-top or 
piggy-back basin (sensu Ori and Friend, 1984). The same arguments probably apply to the 
remainder of the Basin-margin Group, although the age of the youngest Pindos Flysch and 
the folding of the Sub-Pelagonian zone basal thrust may not be as well constrained in other 
areas. 
Both the Krania and Stravaj Formations (the two Basin-margin Group formations preserved 
along the south-western margin of the basin) dip north-eastward, consistent with their having 
been rotated soon after deposition due to uplift along the thrust-front to the south-west. In 
the case of the Krania sub-basin, this deformation is constrained as being U. Eocene in age 
by the relatively flat, unconformably overlying Kipourio Member. Furthermore, the direct 
onlap of the Monahiti Member (and possibly the Upper Sandstone Member) onto outcrops of 
Cretaceous Limestone are consistent with north-eastward depocentre migration, although 
this is less clear and on a far smaller scale than the depocentre migration observed in the 
Meso-Hellenic Group. 
In the Krania sub-basin, the basal Petra-Tripimeni breccias are interpreted as having been 
deposited at the foot of an active fault-scarp during early basin development, but there is little 
direct evidence as to the sense of movement on the inferred fault. Wilson (1993) initially 
interpreted it as having been an extensional fault (implying that the Krania sub-basin formed 
on a locally collapsing thrust-sheet). However, given the sense of the strike-slip faults 
interpreted along the northern and southern margins from more recent work, the movement 
of the sub-basin relative to the surrounding basement would have been towards the south-
west. Hence, the interpretation of the inferred fault along the south-western margin of the 
sub-basin as a south-west dipping reverse fault may be more likely. It is also more consistent 
with the active reverse faulting which uplifted Onliakas during the deposition of the Monahiti 
Member. The local subsidence of the Krania sub-basin might then be either due to flexural 
loading of the ophiolitic basement by the reverse fault along the south-western margin, 
strike-slip motion along the northern and southern margins, or a combination of the two. The 
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result may have been a local control on subsidence in this part of the basin, but it still formed 
part of the piggy-back basin associated with the Basin-margin Group as a whole. 
The southern margin of the Krania sub-basin lines up with a lineament observed from landsat 
data by Lyberis etal. (1982) and the southern margin of the Vourinos Ophiolite. This may 
therefore be an important structural lineament that had a multi-phase history before being 
buried beneath the Meso-Hellenic Group. Similar lineaments may occur along the line of the 
Perivoli corridor (within the Pindos Ophiolite) and the northern margin of the Vourinos 
Ophiolite, as well as the northern margin of the Krania sub-basin. However, this remains 
conjectural. 
The inferred NE/SW trending compression during the late Eocene is consistent with the 
interpretations of Lyberis et al. (1982), Mountrakis et al. (1993) and Sfeikos et al. (1991; table 
8.1). During this period, active thrusting was occurring further to the south-west and at 
probably at depth along the basal thrust to the Sub-Pelagonian zone. The detailed cause of 
deformation in the Sub-Pelagonian thrust-sheet at this time is unknown, but must be the 
result of compressional stresses set up within it due to its movement over the Pindos zone. 
The final U. Eocene deformation, erosion and uplift may be due to the thin-skinned 
overthrusting of Olympos (Fig. 8.8B). 
	
8.4.2 	Basin evolution during the deposition of the Meso-Hellenic 
Group 
Several models have been put forward for the evolution of the MHT, but most have been 
proposed by geologists working on the basement to the basin. Key to any interpretation of 
the basin's origin is an explanation of its geometry, particularly the syn-sedimentary 
development of the monocline in the central segment of the basin. Such structures can 
develop in a wide variety of structural settings (Fig. 8.5). 
8.4.3 	Extensional models 
Monoclinal dips are observed in a number of extensional basins, particularly those associated 
with late orogenic extension such as the Hornelen basin (Séranne and Seguret, 1987; Fig. 
8.5). They are typically associated with movement along an extensional fault situated along 
the basin-margin towards which the monocline is dipping. The Devonian collapse basins of 
western Norway exhibit both a basin-wide monoclinal dip and a stratigraphic thickness far 
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Seranne and Seguret, op. cit.; Seguret et al., 1989; Andersen and Jamtveit, 1990; 
Andersen et aL, 1992). These basins developed due to the collapse of the Caledonides and 
formed above low-angle extensional detachments with a throw of at least 50 km (Seguret et 
al., 1989). However, the MHT onlaps the Pelagonian zone along its north-eastern margin, so 
there is no question of a comparable low-angle fault contact to that seen in the Hornelen 
basin. 
Experimental models of hangingwall deformation in ramp-flat listric extensional fault systems 
have also generated monoclinal dips (McClay and Scott, 1991). In one such experiment, 
partially analogous monoclinal dips to those observed in the MHT were created in the centre 
of the model, if the 'pre-rift sediments are considered analogous to the basement of the 
MHT and the 'syn-rift' sediments are considered analogous to the MHT itself (experiment 
E57 of McClay and Scott, 1991; Fig. 8.5). This model assumes an initially flat starting 
topography, but evidence from the MHT suggests that the Pelagonian zone started and 
remained above sea-level during the deposition of the Meso-Hellenic Group. In such a case, 
the left-hand part of the syn-rift model in Fig. 8.5 would be less likely to be deposited than 
the central, monoclinal part of the model. When applied to the MHT, it would have involved 
movement along a ramp to the north-east of the basin and the detachment would be 
expected to outcrop somewhere in the Pelagonian zone. 
It is theoretically possible that such a detachment might not be exposed throughout the 
Pelagonian zone, but if it existed it would have to be exposed in the Krania and Olympos 
windows, as these expose contacts between different micro-continental blocks. Although 
Sfeikos etal. (1991) described shear criteria in the Krania window with a top-to-the-south-
west sense of motion (which they interpreted as being extensional and of Oligocene age), 
they provided no proof of their interpreted age. The extensional origin is disputed by Gautier 
(pers. comm.) who pointed out that the sense of shear in this direction is the same as would 
have resulted from U. Eocene thrusting and that the low angle of dip of the structures 
towards the south-west is not a strong enough argument for extension, as post-shearing 
rotation may have occurred. Furthermore, even Sfeikos etal. (1991) do not identify a major 
detachment within the Krania window and Schermer (1993) interpreted extensional faults as 
having predominantly verged towards the north-east in the Olympos window. 
Furthermore, in most cases (such as the Hornelen basin) where low-angle detachments have 
developed, they have been associated with orogenic collapse. In such situations, the 
extension is driven by gravitational body forces which act to thin overthickened continental 
crust. The resultant basins are therefore predominantly non-marine. The final result of such 
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extension is often the subsidence of continental crust to beneath sea-level (e.g. in the 
Aegean area; Gautier et al., 1993; and the Alboran Sea; Platt and Vissers, 1989). However, 
the Sub-Pelagonian zone was already below sea-level during the late Eocene, the Meso-
Hellenic Group was also largely deposited below sea-level and the U. Eocene uplift and 
deformation would not have been enough to cause orogenic collapse. Such extension 
would also imply a completely different origin for the subsidence of the Basin-margin and 
Meso-Hellenic Groups which seems unlikely. If the northern seismic section proves to be 
typical of the geometry of the central segment of the MHT at depth, it also makes such an 
origin unlikely, as collapse basins (such as the Hornelen basin) typically exhibit onlap of 
basement across most of the basin width. 
Models for the extensional development of the basin have been proposed by a number of 
authors (Fig. 1.8). However, most of these seem to bear little relation to geological evidence 
from the basin itself. The models of Jones and Robertson (1990), Mountrakis et al. (1993) 
and Godfriaux and Ricou (1991) all suggested relatively symmetrical basins, with normal faults 
along both basin margins. However, neither field evidence or the observed seismic sections 
provide any evidence for large-scale, basin-parallel, syn-sedimentary faults either along the 
basin margins or near its centre. The same criticism can therefore be made of the models of 
Papanikolaou et al. (1988) and IFP (1962). In the former model, Papanikolaou et al. (op. cit.) 
appealed to a normal fault along its north-eastern margin to explain the monoclinal dips in the 
central segment of the basin. However, quite apart from the fact that there is no evidence for 
such a fault, it would be incapable of producing the observed monoclinal dips of 15-30 0 , as 
planar normal faults require block rotation (ie. multiple faults) in order to produce monoclinal 
dips in half graben. Even given such a setting, the extreme dips observed are unlikely as, for 
example in the U. Jurassic half graben of the North Sea, throws of thousands of metres on 
the normal faults still only produce rotations of less that 100  (Parker, 1993). In addition, such a 
structure would be incapable of resulting in decreasing dips towards the north-eastern 
margin. 
8.4.4 	Compressional models 
Only the model of Fleury (1980) for the evolution of the MHT suggested that it has a 
compressional origin (Fig. 1.8). However, the monoclinal dips and north-eastward 
depocentre migration observed in the central MHT are most compatible with models for 
piggy-back basin evolution (Fig. 8.5). The limited seismic data suggest that the lower 
Heptahorion Formation reflectors were parallel to basement and the strong unconformity 
reflector(Fig. 3.16 Fig. 8.6) probably marked the uplift of the no  margin, resulting 
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in the Pelagonian source for Pentalofon Formation sediments and their apparent increase in 
thickness towards the south-west (Fig. 3.16). Subsequently, uplift of the Pindos margin due 
to thrusting at depth beneath the basin resulted in the observed monocline and north-
eastward depocentre migration. 
The apparent contrast in the symmetry of transverse sections through the northern and 
central segments of the basin may be emphasised by both the lack of the Tsotillion 
Formation (onlapping the Pelagonian zone) and the single synclinal fold in the northern 
segment of the basin (Fig. 8.6). If the post-depositional folding of the MHT to the north of 
Morave were removed and more of the basin were preserved along the Pelagonian margin, it 
is possible that the central and northern sections through the basin would be more similar. By 
analogy, if the upper Pentalofon and Tsotillion Formations were absent from the transverse 
sections through the central MHT due to erosion, and it was then folded into a broad syncline 
during post-depositional deformation, it would be similar to sections in the northern MHT. 
Importantly, the erosion would remove any post- Heptahorion Formation sediment that might 
originally have onlapped the Pelagonian zone due to north-eastward depocentre migration. 
The suggestion that the northern and central segments of the basin might originally have 
been relatively similar prior to their post-depositional deformation and erosion is supported 
both by the fact that the northern segment of the basin is far narrower than the central 
segment, and the fact that in this area the sediment-basement contact along the south-
western margin is 400 m higher than along the north-eastern margin (Fig. 8.6). Hence, it is 
also possible that a degree of syn-depositional uplift of the north-western margin and related 
north-eastward depocentre occurred in the northern segment of the MHT. 
The lack of large-scale syn-sedimentary faults within the basin is also best explained by a 
piggy-back basin model. The basin can be considered as infilling broad folds that slowly 
changed in shape during the development of the basin to result in the depocentre migration. 
Such an explanation fits the observed geology of the basin far better than some of the 
models (Fig. 1.8) in which large-scale faults are required to explain the subsidence, but are 
then conveniently hidden by the youngest sediments in the basin (e.g. Papanikolaou et al., 
1988). 
A piggy-back basin origin is also considered compatible with observed sediment dispersal 
patterns within the MHT. The majority of the basin's sediment volume was sourced axially 
along the basin and throughout the basin's development sediment was sourced 
predominantly from the Pelagonian zone. This is consistent with observations in other 
submarine piggy-back basins, as discussed below. Furthermore, Ori and Friend (op. cit.) 
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considered that an abundant supply of sediment from a rising internal zone was necessary to 
allow the preservation of piggy-back basins, as observed with the MHT. 
8.4.5 	Discussion 
It appears that the geology of the Meso-Hellenic Group is best explained by a piggy-back 
model for basin evolution, despite the fact that the majority of meso-scale faults within the 
basin are extensional. Several authors have proposed that extensional stresses were active 
during the Oligocene in the MHT on the basis of fault measurements (table 8.1). However, 
these interpretations are based on fault measurements in Pindos zone! Miocene sediments 
(Lyberis et al., 1982), the Pindos! Vourinos Ophiolite (Mountrakis et al., 1993) and 
Pelagonian basement (Sfeikos et al., 1991). In none of these areas are there sediments of 
Oligocene age, so there can be no direct evidence of the age of the extension they infer. 
None of these interpretations of the Oligo-Miocene history of the area can be as accurate, in 
terms of the timing of different phases of deformation, as the study of deformation within the 
MHT itself. 
The fact that no syn-sedimentary extensional faults of Oligocene age were observed in the 
basin is considered important. Furthermore, the lack of syn-sedimentary compressional faults 
in the Meso-Hellenic Group does not constitute an argument against a piggy-back basin 
origin, as during this time the thrust-front was up to 150 km to the south-west (Mercier et at, 
1989). Although the syn-sedimentary generation of the monocline in the early Miocene must 
be the result of deep-seated thrusting (Fig. 8.7C and D), this would not necessarily have 
generated compressional stresses within the MHT itself. 
Despite the inferred piggy-back origin for the MHT, no further uplift is interpreted as having 
occurred along the south-western margin of the MHT during the deposition of the Tsotillion 
and later Formations. During this period (the L.-M. Miocene), the thrust-front was migrating 
south-westward through the Ionian foreland basin and a Mio-Pliocene piggy-back basin 
developed immediately behind the thrust-front (Clews, 1989; Fig. 8.7D and the lower part of 
B in Fig. 8.5). At least two unconformities formed in the southern MHT at this time, due to the 
uplift and deformation of the Pelagonian zone. This uplift also resulted in the deposition of 
the coarse-grained deltaic and fluvial sediments of the Itea and Vlahava Members, which 
were transported directly into the MHT from the Pelagonian zone. The precise age of these 
sediments is still poorly known, but they are probably between 16-22 Ma in age (table 2.3). 
This is almost exactly the same age as the extension-related uplift of Mt. Olympos, inferred 
from Ar! Ar dates of potassium feldspars from samples beneath one of the D5 normal faults  in 
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the Olympos window (Schermer et aI.,1 990; Schermer, 1993; table 1.5; Fig. 8.71D). The 
unconformities are therefore interpreted as the result of the uplift of the Pelagonian zone 
during the uplift of Mt. Olympos. The timing of this extension is also approximately coincident 
with the syn-sedimentary extension observed in the central MHT (Fig. 8.71D) and suggests 
that the basin experienced a more extensional stress regime during this period. However, it 
is not knowr whether the Miocene extension contributed to any additional basin 
subsidence. Extension at this time may be part of a more regional period of extension in 
northern Greece related either to the initiation of back-arc extension, the partial collapse of 
thickened continental crust or a combination of the two. Apart from the timing of extension 
on Mt. Olympos, extension is constrained as having been active during the middle Miocene 
in the Vardar, with movement along the Strymon Valley detachment (Dinter and Royden, 
1993; table 1.5). This extension may have been active even further east, as suggested by 
the presence of the extensional Philipi, Prinos and Nestos basins of Miocene age described 
by Maltezou and Brooks (1989; Fig. 1.6). The latter basins and Strymon basin are all 
associated with granites of Oligocene age which may indicate that earlier (ductile?) extension 
was occurring lower down in the crust. However, all the evidence from the Sub-Pelagonian to 
Rhodope suggests that brittle extension began in the L.-M. Miocene. 
In summary, the MHTis interpreted as a piggy-back basin whose gross morphology resulted 
from the geometry of thrust-faulting at depth beneath it, and the resultant uplift of its south-
western margin. However, during the latter part of its evolution (during the deposition of the 
Tsotillion and later Formations), brittle extension and uplift of the Pelagonian zone 
(associated with the uplift of Mt. Olympos) resulted in important local intra-basinal 
unconformities and had a controlling effect on sedimentation. Syn-sedimentary extension 
also resulted in the local unconformities within the Nestorion Formation further north. 
The relatively accurate knowledge of the age and geometry of the MHT can be used to better 
constrain the geometry and timing of deep-seated thrusting within the Hellenide fold-and-
thrust belt, both in longditudinal and transverse section. For example, in transverse section, 
the fact than depocentre migration occurred away from the active thrust-front indicates from 
theoretical considerations that thrusting at depth resulted in the folding of an older thrust-
ramp (B in Fig. 8.5), because where thrusting results in the folding of a thrust-flat, 
depocentre migration occurs towards the thrust-front (Roure et aL, 1990; their Fig. 12). In 
longditudinal section, the canoe-shaped morphology of the basin during the deposition of 
the Heptahorion and Pentalofon Formations in the Oligocene is interpreted as due to the 
geometry of thrustingatd.epth and requires that the the central part of the ,basin was 
between 400-800 m lower than either end of the basin (as confirmed by the relative 
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palaeobathymetry of the basin through time). Although this will also depend on sediment 
input, this is not considered to be the most important factor, as the central segment of the 
basin (with the greatest sediment thickness) also has the greatest palaeobathymetries. 
furthermore, following the sub-aerial uplift and erosion of the Basin-margin Group at the end 
of the Eocene, interpreted as the result of the overthrusting of Olympos, the geometry of 
thrusting must account for the subsidence of the area beneath sea-level again in the 
Oligocene. A possible explanation is that subsidence resulted from the overthrusting in the 
Oligocene of highly thinned continental or oceanic crust that originally existed to the west of 
Olympos (?relatively thicker continental crust) and was subducted immediately after it (Fig. 
8.7). 
8.4.6 	Basin evolution after the deposition of the Meso-Hellenic 
Group 
Since the middle Miocene, the MHT has been uplifted from beneath sea-level to its current 
position between 300-1800 m above sea-level (Fig. 8.7E). The variation in uplift and erosion 
has exposed different levels of the MHT. However, interestingly, although the exposed 
structural level is lowest in the south-eastern MHT (where only a relatively thin section of 
Basin-margin and Meso-Hellenic Group sediments are preserved above basement), this part 
of the basin has not been uplifted as much as the central segment of the MHT. This is 
constrained by the datum of the base of the Ondria Member algal limestone which is currently 
at an altitude of 300 m in the southern MHT but at 1300 m in the central MHT (Mt. Ondria). 
The thin Meso-Hellenic Group succession in the south therefore supports the canoe-
shaped morphology of the basin. Uplift and erosion of the basin is also supported by vitrinite 
reflectance data. 
The uplift of the basin is interpreted primarily as having resulted from the compressional 
deformation that affected the MHT in the late Miocene (Fig. 8.7E). This compressional 
episode is not recognised further towards the north-east where, for example, Dinter and 
Royden (1993) interpreted extension as having been continuous since at least the middle 
Miocene. However, the MHT lies considerably nearer the currently active thrust-front, and 
the thrusts may still be rooted at depth beneath the MHT or Pelagonian zone. This late-stage 
deformation might therefore be considered as a 'tightening up' of the thrust-wedge during 
the late Miocene. However, U. Miocene erosion surfaces at the base of the Grevena 
Formation near Grevena (600 m altitude) are interpreted as correlating with a similar eastward-
dipping surface at the top of the Pindos Mountains (an altitude of 1800-2300 m; Brunn, 
1956; Faugeres, 1978). The deformation is therefore associated with regional uplift, 
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particularly of the Pindos Mountains (which during the deposition of the MHT are interpreted 
as having been relatively low-lying). The reason for the uplift is unknown, but may be due to 
the overth rusting of the Apulian continental margin by Pelagonia (Fig. 8.7E). 
8.4.7 	Comparison of the MHT with other piggy-back basins 
The description of piggy-back basins (sensu Ori and Friend, 1984) is relatively uncommon 
within the geological literature:  This may be due to their poor preservation potential, as they 
are often cannibalised and redeposited in foreland basins developing ahead of the thrust-
front (Ricci Lucci, 1986a and b; Fig. 8.913). As a result, many such basins are relatively young 
(often late Tertiary in age) and have often not been uplifted, so that they can only be studied 
using borehole and seismic data. For preservation of such basins to occur, an abundant 
supply of sediment from a rising internal zone appears to be required (Ori and Friend, 1984), 
as observed with the MHT. 
South of the Pyrenees, the Jaca, Ainsa and Tremp-Graus piggy-back basins developed 
north of the main Ebro foredeep (Nijman and Puigdefabregas, 1974; Hirst and Nichols, 
1986; Fig. 8.8A). The three main thrust-sheets comprise Mesozoic to L. Eocene limestone 
overlain by U. Eocene-Oligocene clastics and all have a Triassic decollement horizon 
(Seguret, 1972; Hirst and Nichols, 1986). During the early Tertiary, these three basins were 
connected and formed the southern foredeep of the Pyrenees (Fig. 8.8A). They became 
disconnected and allochthonous during the Oligocene, when Oligocene thrusting resulted 
in southward movement of the main thrust-sheets. Eocene deposition within the foredeep 
was largely marine and relatively deep-water turbidite complexes developed (Mutti, 1992). 
However, thrusting resulted in the uplift of the basin, so that by the time the three piggy-back 
basins developed in the Oligo-Miocene, deposition was wholly continental (Fig. 8.8A). Much 
of the basins was cannibalised and redeposited in the Ebro foredeep (Hirst and Nichols, 
1986), but in the Tremp-Graus basin, continued sedimentation occurred, with resultant onlap 
onto the uplifting thrust-front (Ori and Friend, 1984; Fig. 8.8A). In contrast with the axial 
palaeocurrents prevalent within the Eocene foredeep, palaeocurrents during the Oligo-
Miocene were transverse to the thrust-front and controlled by the position of both lateral and 
frontal thrust-ramp structures (Hirst and Nichols, 1986; Fig. 8.8A). 
Although both the MHT and the Pyrenean piggy-back basins were predominantly sourced 
from internal zones, many differences exist between the two basins. While the Pyrenean 
basins initially formed, a foredeep, the MHT formed wholly behind the thrust-front. 
Furthermore, deposition in the Pyrenean basins was continental and sourced by 
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palaeocurrents transverse to the thrust-front, whereas deposition in the MHT was largely 
marine and palaeocurrents were largely parallel to the thrust-front. A more appropriate 
comparison may therefore be between the MHT and the piggy-back basins of the 
Appenines. 
The Po basin complex of the Appenines in northern Italy provides some of the best-studied 
examples of submarine piggy-back basins or satellite basins (Ricci Lucci, 1986a and b; On 
and Friend, 1984; Bocaletti etal., 1990). In common with the Pyrenean piggy-back basins, 
most of the Appeninic piggy-back basins initially developed as foredeeps and later 
developed into piggy-back basins as the locus of thrusting migrated towards the foreland. 
Piggy-back basins existed in the Appenines from the Oligocene to present (Ricci Lucci 
1986a and b; Bocaletti etal. 1990). The earlier Oligo-Miocene basins were often filled with 
sediment from the uplifting Alps to the north and comprise deep-water facies, while the 
younger Plio-Quaternary basins, as described by Ori and Friend (1984), were predominantly 
sourced from the Appenines and comprise deep to shallow-water transitional sediments 
(Ricci Lucci 1986b). As in the Pyrenees, the piggy-back basins were often cannibalised and 
their sediments redeposited in the newly developing foredeeps (Fig. 8.813), but this 
predominantly occurred in a submarine environment. Sediment dispersal patters within the 
piggy-back basins have many similarities with those observed within the MHT. In the Plio-
Quaternary, sediment was largely sourced from the internal zones of the Appenines by 
coarse-grained fan deltas and then transported axially by sub-marine fans. Onlap of the 
relatively starved thrust-arc (Fig. 8.9) is typical and may also have occurred in the MHT, but 
these sediments have since been eroded due to the late Miocene deformation of the south-
western basin margin. The subsidence of the basins appears to have been closely linked to 
the subsidence of the foredeeps, ahead of the thrust-front, but of lesser magnitude (Ricci 
Lucci, 1986a and b). The precise cause of subsidence in this setting is poorly understood. 
In summary, the MHT exhibits several similarities with the submarine piggy-back basins of the 
Po basin complex. However, the fundamental difference is that at no stage did the MHT form 
a foredeep ahead of the thrust-front. Compared with the Appeninic and Pyrenean piggy-
back basins, the MHT appears to have formed in a more internal position within the thrust-
belt, so that it formed behind the first trench/ foreland basin that developed following the 
closure of the Pindos Ocean (Fig. 8.7). As a result, its basement is Mesozoic ophiolite, 
compared with the basement of younger foredeep clastics in the Pyrenees and Appenines 
(Fig. 8.8). Furthermore, during its evolution, the MHT was considerably further from the 
thrust-front than piggy-back basins observed in the Appenines or Pyrenees and ,during the 
Oligocene was separated from the thrust-front by a more external piggy-back basin in the 
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Ionian zone (Fig. 8.71D). Cannibalisation of the MHT sediments also appears to have been 
relatively unimportant, although it is possible that some of the Basin-margin Group may have 
been redeposited in the Pindos foreland basin following the deformation at the end of the 
Priabonian (Fig. 8.7E). In addition, the preserved volume of the MHT (>5000 cubic 
kilometres) is an order of magnitude greater than that of the Appeninic piggy-back basins 
which have typical volumes in the order of 50-500 cubic kilometres (Ricci Lucci, 1986 a and 
b). 
The main problem with the evolution of the MHT remains the cause of subsidence, as is the 
case for submarine piggy-back basins in the Appenines. For example, during the Oligocene 
the central MHT subsided from above sea-level to palaeowater-depths of 600-800 m, 
despite rapid sedimentation. This is not easily explained by thrusting, as back rotation of 
thrusts at the foreland edge of the basin will create accommodation space, but seems 
unlikely to produce significant subsidence. However, available evidence suggests that syn-
sedimentary extension within the basin did not occur until the Miocene. Subsidence may 
therefore have resulted due to the transition from relatively thick continental crust to relatively 
thin oceanic crust along the trailing edge of the subducted Olympos micro-plate, which was 
being thrust beneath Pelagonia at this time (Fig. 8.7). However, this remains conjectural and 
further investigations are required to determine the cause of subsidence within the MHT. 
8.5 	 Future work in the Meso-Hellenic Trough 
This thesis provides the first integrated (field-based) study of the whole of the MHT. 
However, due to the large area of the basin, many further problems remain to be tackled. The 
biostratigraphy of the basin is now moderately well-constrained, but is not internally 
consistent with regard to the different basin formations (table 2.3). The newly proposed 
correlation between Morave and northern Greece needs to be tested by detailed micro-
palaeontology (in particular, detailed studies of the siltstone-dominated parts of the Gurit Te 
Kamies and Sinice Members would be very helpful). Equally, further micro-palaeontology is 
required to clarify the relative ages of the Tsotillion, Nestorion and Damaskinea Formations. 
Less important, but also useful, would be a reappraisal of the age of the oldest Basin-margin 
Group sediments, since the change in the definition of the Eocene system (Hardenbol and 
Berggren, 1978). 
The sedimentology of the MHT would also benefit from further detailed study, particularly in 
the Albanian part of the basin. It would be very important to determine the details of sediment 
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dispersal in this area, as it is the main source of sediment to the MHT for much of its evolution. 
This would be facilitated by good exposure both along Morave and west of Pogradec, as well 
as an excellent macro-palaeontological framework for this part of the basin. In Greece, the 
well-exposed Pentalofon Formation in the Voion Mountains has already been examined by 
Ori et al., (1990) and Barbieri (1992) but requires detailed facies analysis in order to elucidate 
the different elements of the turbidite complex (sensu Mutti and Normack, 1987). Another 
relatively well-exposed yet understudied area of the basin in Greece is the Rea Member of 
the Tsotillion Formation which provides an excellent opportunity for the detailed study of a 
high-energy delta/ fan delta complex responding to the uplift of its source area. 
Possibly most beneficial to the understanding of the evolution of the MHT would be a 
detailed study of the seismic stratigraphy of the basin which would constrain in detail the 
nature of the relationship between the MHT and its basement, as well as the existence (or 
not) of large-scale syn-sedimentary faults. 
8.6 	 Concluding remarks 
The Meso-Hellenic Trough (MHT) developed behind the locus of thrusting in the Hellenide 
fold-and-thrust belt, such that the Basin-margin Group (M.-U. Eocene) demonstrably formed 
on the sub-Pelagonian thrust-sheets as they overthrust the Pindos foreland basin. The MHT 
is interpreted as a piggy-back basin, but unlike most piggy-back basins, it did not form a 
foredeep in its early stages of development. 
The subsidence leading to the deposition of the Basin-margin Group was interrupted by 
compressional deformation at the end of the Eocene, which resulted in uplift and erosion of 
the MHT, leading to a basin-wide unconformity. This may have resulted from the 
underthrusting beneath the basin of continental material such as Olympos. 
During renewed subsidence in the Oligocene, the basin had a "canoe-shaped" morphology, 
with greatest subsidence and sediment accumulation in the basin centre. Its marine 
connection was probably in the south-east and sediment was predominantly transported 
axially in this direction. In the (?)Aquitanian, uplift of the south-western basin margin, probably 
due to thrusting at depth, resulted in north-eastward depocentre migration. 
Local syn-sedimentary extension occurred in the MHTtn"the'eärly to middle Miocene, which 
may be associated with the regional extension that resulted in the uplift of Olympos. The 
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latter uplift is interpreted as having resulted in several local unconformities at the south-
eastern end of the basin and may have opened a marine connection at the north-western 
end of the basin. 
In the late Miocene, post-depositional compressional deformation during regional uplift 
generated a basin-wide unconformity and vitrinite reflectance studies suggest that significant 
erosion may have occurred. This compression is not observed to the east of the Pelagonian 
zone. During the Plio-Pleistocene, the lacustrine Grevena Formation was deposited in a 
predominantly extensional regime. This was associated with the basins regional back-arc 
setting, with regard to the Aegean neotectonic domain. 
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